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THIRD  ANNUAL  ARMY  HUMAN  FACTORS  ENGINEERING  CONFERENCE 

QM  Rt<E  COMMAND 
Natick,  Massachusetts 
2,  3,  and  4  October  1957 


I.  AGENDA  OF  THE  CONFERENCE 

2  Oct  57  MORNING  SESSION:  Dr.  Lynn  E.  Baker,  OCR&D,  Chairman. 

0930-1030  Registration 

1030-1100  Opening  of  the  Conference: 

Announcement  a:  Dr.  Lynn  E.  Baker,  General  Conference  Chairman 
Welcome:  Brig.  Gen.  C.  G.  Calloway,  Commanding  General,  Hq  QM 
RkE  Command,  Natick 

1100-1130  Introduction  of  Keynote  Addreee:  Brig.  Gen.  T.  J.  Conway,  Director 
of  Reaearch,  OCRfcD 

Keynote  addreaa:  Dr.  James  B.  Edeon,  Aaaiatant  to  the  Director  of 
Reaearch  and  Development,  OSA.  "Man:  The  Ultimate  Weapon’’ 

AFTERNOON  SESSION:  Dr.  Auatin  Henachel,  Environmental  Protection  Reaearch 
Division,  QM  RkE  Command,  Seaaion  Chairman. 

1300-1400  USCOKARC  Presentations 

Col.  H.  V.  Middleworth,  HQ  USCONARC,  Combat  Developments 
Section:  "New  Organisations  and  Tactics’’ 

Lt.  Col.  E.  A.  Fosaum:  "Impact  of  New  Tactical  Concepts  on  Ma¬ 
teriel  Objectives" 

1415-1445  QM  Presentation:  Dr.  E.  Ralph  Duaek,  Psychology  Branch,  EPRD: 
"Manual  Performance  In  the  Cold" 

1445-1630  QM  RfcE  Center  facilities  tour. 

3  Oct  57  MOP.NINO  SESSION:  Dr.  Henry  F.  Gayitov  Psychology  Branch.  EPRD,  QM  RkE 

Cmd,  Session  Chairman. 

0830-0900  TSG  Presentations 

Col.  Charles  W.  Hill,  MSC,  Research  and  Development  Divirion, 
OTSG:  "Selected  Significant  Results  of  Recent  Unpublished  Research 
Within  the  Research  and  Development  Division  of  the  Office  of  The 
Surgeon  General.*' 

Dr.  Lee  S.  Caldwell,  U.  S.  Army  Medical  Research  Laboratory:  "The 
Effect  of  the  Spatial  Position  of  a  Control  on  the  Strength  of  ,31x 
Linear  Hand  Movements" 

Capt.  John  L.  Fletcher,  MSC:  "Noise  Exposure  and  Hearing  Loss:  A 
Military  Problem” 

0900-0945  USCONARC  Presentation 

MaJ.  Nelson  A.  Mahons,  Jr.,  Avn  Bd,  and  Capt.  John  J.  Sullivan, 
Arm  Bd. 

'  'Examples  of  the  Practical  Influence  of  Human  Factors  Data  on 
Army  Equipment  Design" 

1000-1 130  Ccncurrent,  separately  assembled,  Working  Group  Sessions 
Group  A,  Room  R302,  Col.  E.  A.  Fossum,  Chairman: 

"Utilisation  of  Available  User  Experience  Information  During  Engi¬ 
neer  Design  Stage  of  New  Equipment  Design” 
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Croup  B,  Room  R120,  Dr.  Kenry  Gaydo*.  Chairman: 

“Training  of  Engineer!  in  Application  of  Homan  Factor*  Data,  and 
Optimum  Utilization  of  Engineering  Peychologiete  in  the  Techn.cal 
Service*” 

Croup  C,  Room  R106,  Dr.  John  Kobrick,  Chairman: 

“Establishment  of  an  NRC  Committee  to  Select  and  Arrange  for 
Engliah  Translations  of  the  Beat  Foreign  Literature  in  H'-man 
Factor*  Engineering” 

Croup  D,  Room  R109,  Col.  Charle*  W.  Hill,  MSC,  Chairman 

"Human  Factor*  Contribution*  to  Equipment  Design  for  Night  Oper¬ 
ation*" 

Croup  E,  Room  D200,  Mr.  Henryk  J.  Bukowski,  Chairman 

“Human  Factors  in  Design  for  Ease  of  Maintenance  of  Army  Ma¬ 
teriel” 

AFTERNOON  SESSION:  Dr.  E.  Ralph  Du»ek,  Psychology  Branch,  EPRP.  QM  RfcE 
Gmd.  Session  Chairman 

1300-1130  OrdC  Presentation 

Dr.  John  D.  Wcisz,  Ordnance  Human  Engineering  Laboratory,  APC: 
“System  Evaluation  of  Ordnance  Materiel” 

Mr.  Thomas  Goldsmith,  Human  Engineering  Unit,  Picatinny  Araenat: 
“Specification  of  Brightness  and  Readability  for  Self-Luminous 
Control  Panel  Elements.” 

1330-1400  CmlC  Presentation  l>  Film 

Dr.  Earl  Davey,  Army  Chemical  Canter,  Md>:  "Human  Factors 
Enginssring  Aspects  of  ths  Design  of  Field  Protective  Masks" 

1400-1430  TC  Presentation 

Dt.  'ohn  W.  Bailey,  Transportation  Corps  Research  and  Engineering 
Ccmmand:  “Human  Factor*  Engineering  In  the  Transportation 
Corps" 

1430-1500  TSC  Special  Presentation 

Col.  Maurice  Fletcher,  MSC ,  Army  Prosthetic*  Research  Laboratory: 
"Som*  Human  Factors  Enginssring  Implications  from  Design  of 
Prosthetic*.” 

<■  1315-1700  Concurrent,  separately  assembled,  Working  Gronp  Sessions  (Continued 

in  Rooms  as  Indicated  for  morning  session,  same  date) 

1700-1830  Social  Hour 

4  Oct  57  MORNING  SESSION:  Dr.  John  M.  McGinnis.  Psychology  Branch,  EPRP,  QM  RfcE 

Cmd.  Session  Chairman 

,  0830-0900  CofEugr  Presentation* 

Mr.  Alonzo  J.  Vrooman,  Mechanical  Engineering  Department, 
USAERDL:  "Industry's  Acceptance  of  Ease  of  Maintenance:  Fea¬ 
ture*  in  Design” 

Mr.  Benjamin  Goldberg,  Electrical  Engineering  Department, 
USAERDL:  “Effect  of  Flicker  on  Humane" 

Mr.  Henryk  J.  Bukowski. Provisioning  Division. Engineer Maintenenc* 
Center,  Columbus,  Ohio:  “The  Human'  Engineering  Factor  in 
Equipment  Specifications” 

0900-0930  SigC  Presentation 

Mr.  Paul  E.  Griffith,  Office  of  EngineerlngOperations,  USASEL:  "Se¬ 
lected  Significant  Results  of  Recent  Signal  Corps  Research,  and 
Major  Future  Studlee  Planned” 

0930-1130  Reports  of  the  Conference  Working  Groups 

AFTERNOON  SESSION:  Dr.  Lynn  E.  Baker,  OCRtP.  Chairmen 

1300-1400  Invite..  Paper 

Dr.  Alphonse  Chapanis,  Johns  Hopkins  University:  “Human  Factors 
in  Systems  Engineering" 

1415-1430  General  Chairman’s  Summary  of  the  Conference. 

1500  Conference  Adjourns. 


2 


II.  INTRODUCTION 

Reference*  and  Background  of  the  Conference,  and  Summary  of  Opening  Remark*  of  Dr* 
Lynn  E.  Hiker,  General  Chairman  nfthe  Conference,  and  of  Brigadier  General  C.  G.  Calloway, 
Commanding  General,  Hq  QM  R&E  Command,  Natick,  Mats. 


1 .  SPONSORSHIP 
OF  THE  CONFER  - 
EN'CE: 


The  Annual  Army  Human  Factors  Engineering  Conference  is 
sponsored  by  the  Chief  of  Research  and  Development,  Department 
of  the  Army.  Two  previous  such  Conferences  have  been  held  and 
their  reports  arc  as  follows: 


a.  "'Army  Human  Engineering  Conference,'*  The  Pentagon,  14-15 
December  1955. 


b.  "Second  Annual  Army  Engineering  Psychology  Conference,'* 
7-9  November  1956,  Army  Medical  Research  Laboratory,  Ft  Knox, 
Ky. 


J.  PURPOSES  OF  The  purposes  of  the  Conference  are  to: 

THE  CONFERENCE: 

a.  Provide  direct  interchange  of  information  on  human  factors 
engineering  among  personnel  of  Army  development  and  user  agencies 
and  other  related  qualified  individuals; 


b.  Provide  recommendations  for  Army  follow-up  to  assure 
exploitation  of  all  opportunities  for  improving  man-machine  com¬ 
patibility  in  the  design  of  Army  materiel. 

c.  Provide  a  Conference  Report  which  gives  a  useful  and  com¬ 
plete  tingle  annual  reference  summary  of  all  Army  human  factors 
engineering  R«-D  activities. 

3.  'VORK  OF  THE  a.  Preparation  of  Conferee*.  Appendix  2  of  (his  Report  was 

CONFEP.ENCE:  distributed  a*  Conference  "Homework"  material  for  advance  study. 

These  materials  summarise,  for  each  Army  Agency  having  a  human 
factors  engineering  RAD  program:  1.  Vitae  of  Professional  Per¬ 
sonnel;  11.  Current  Projects;  111.  Bibliography  of  Published  Reports. 


b.  Presentations:  Presentation*  assume  familiarity  with  the 
shove  materials  and  cover  selected  recent  unpublished  RfcD  results 
and  major  future  plant.  In  addition,  the  "keynote"  address  and 
distinguished  invited  paper  are  presented  in  Chapters  III  and  VII 
of  this  Report. 


c.  Working  Groups:  Groups  were  assembled  at  or  in  advance  of 
the  Conference  on  selected  topics,  wlthspecific  terms  of  reference, 
to  present  recommendations  to  the  Conference  for  Army  follow  -up 
action,  or  to  initiate  continuing  study  for  report  and  recommendation 
at  a  subsequent  Conference.  The  Working  Group  Reports  are  pre¬ 
sented  as  Chapter  VII  of  this  Report. 

4.  Welcome  to  the  Quartermaster  Research  and  Engineering  Command  a  t  Natick  was  extended 
by  Brigadier  General  C.  G.  Calloway,  Commanding  General. 

5.  Appreciation  for  the  excellent  facilities  and  arrangements  provided  for  the  Conference  by 
its  host.  Brigadier  General  Calloway,  was  expressed  by  the  Conference  Chairman,  who  then 
introduced  Brigadier  General  T.  J.  Conway,  Director  of  Research,  OCRhD. 
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III.  MAN:  THE  ULTIMATE  WEAPON 

INTRODUCTION  OF  KEYNOTE  ADDRESS 
Brigadier  General  T.  J.  Conway 


Mr.  Chairman,  Distinguished  Guests,  ladies 
and  Gentlemen: 


Lt  General  Gavin,  Army's  Chief  of  Research 
and  Development,  and  Maj  General  Wood, his 
Deputy,  wish  me  to  bring  you  their  best 
wishes  for  an  interesting  and  productive 
Human  Factors  Engineering  Conference.  Both 
General  Gavin  and  General  Wood  would  have 
lilted  to  be  here.  Both  fully  understand  and 
endorse  the  values  of  this  Conference  in  im¬ 
proving  human  factors  engineering  of  Army 
equipments.  Both,  however,  are  presently 
occupied  on  other  important  matters  of 
equally  great  concern  to  the  well-being  of 
your  programs  and  all  of  Army  RhD,  notably 
the  Army  Budget.  They  therefore  must  send 
you  their  greetings  and  best  wishes  while  they 
carry  forward  these  other  pressing  matters. 

News  from  the  Penta gon  at  this  time  surely , 
as  you  know,  must  give  a  central  role  to 
budgets  and  funding.  We  are  having  an  un¬ 
usually  long  “budget  season"  this  year.  We 
have  always  practiced  strict  economy  in  the 
Army  and  will  continue  to  do  so  in  future. 
Beyond  strict  economy,  however,  1  believe 
that  you  already  know  that  substantive  cuts 
may  also  be  necessary  this  year  in  many 
Army  RfcD  programs. 

in  the  face  of  the  probable  necessity  for 
such  cuts,  you  will  be  pleased  to  know  that, 
as  a  matter  of  RfcD  policy,  the  Army  recog¬ 
nises  that  the  man  is  uniquely  central  to 
accomplishment  of  the  Army's  mission.  Ac¬ 
cordingly  lt  has  already  been  determined 
that,  insofar  as  possible,  the  Army's  small 
but  important  Human  Factors  research  pro¬ 
gram  will  be  spared  the  brunt  of  budget 
reductions.  This  does  not  mean,  of  course, 
that  it  will  be  possible  to  avoid  some  reduc¬ 
tions  in  this  program.  It  does  mean  that,  a: 
you  individually  may  face  curtailed  funding, 
you  may  take  some  grim  comfort  from  the 
realization  that  “it  could  have  been  worse." 

Dr.  Rollefson,  who  last  year  addressed 
this  Conference  as  Army  Chief  Scientist,  has 
now  returned  to  his  position  as  Chairman  of 
the  Department  of  Physics  at  the  University 
of  Wisconsin.  Dr.  Ricliard  A.  Weiss  has  been 
designated  Acting  Chief  Scientist.  As  further 
"news  from  the  Pentagon,"  you  may  also 
have  heard  that  the  Human  Factors  Research 
Division  of  the  Office  of  the  Chief  of  Re¬ 


search  and  Development  has  now  moved  to 
Ft.  Belvoir.  At  Ft.  Belvoir  we  have 
established  an  "OCRbD  Field  Office"  which 
remains  an  integral  part  of  the  Office  of  the 
Chief  of  RltD  yet  takes  advantage  of  the  bene¬ 
fits  of  space  and  detachment  afforded  by  a 
field  location  outside  the  Pentagon.  As  a 
companion-piece  to  this  improvement  of 
their  office  facilities  you  should  also  be 
aware  that  your  Ceneral  Chairman,  Dr. 
Baker,  has  in  the  past  few  months  been  ele¬ 
vated  to  be  the  Army  Chief  Psychologist  and 
General  Gavin's  principal  scientific  advisor 
on  matters  affecting  human  factors  in  Army 
RAD. 

1  indicated  earlier  that  the  Army  recognises 
that  the  man,  the  soldier,  is  central  to  ac-. 
compliahment  of  the  Army’s  mission  in  war. 
Those  of  you  who  are  not  Psychologists  may 
wonder  what  possible  connection  could  prompt 
us  to  ask  an  astronomer  and  astrophysicist 
to  be  the  "keynote  speaker"  for  a  conference 
focused  on  human  (ic,  ura.  For  those  of  you 
who  are  Psychologists,  such  a  choice  will 
seem  singularly  appropriate.  You  Psycholo¬ 
gists  will  recall  that  it  was  the  English 
Astronomer,  Maskelyne  who,  in  1796,  dis¬ 
missed  his  assistant  because  of  a  large  and 
increasingerror  which  was  somehow  creeping 
into  the  Greenwich  observations  of  the  times 
of  stellar  transits.  These  observations  of 
Maskelyne  on  his  unlucky  assistant  were 
further  analyzed  and  experimented  with  by 
the  Germs.,  astronomer  Bessel  at  Koenigs- 
berg,  who  found  that  there  were  certain 
constant  differences  among  observers.  In 
1822  Bessel  published  the  results  of  these 
studies  attributing  these  constant  differences, 
which  you  now  study  as  "reaction  time,"  to 
something  he  called  “the  personal  aquation.” 

In  the  Army  Ordnance  Corps,  and  more 
recently  in  his  new  post  as  assistant  to  Dr. 
Martin,  the  Army's  Director  of  Research  and 
Development,  our  astronomer-keynoter  has 
had  numerous  opportunity’s  to  observe  and 
reflect  upon  "the  p«  tonal  equation”  in 
connection  with  the  Army's  mission.  He  taas 
react  . d  some  conclusions  on  this  matter 
which  1  know  you  wilt  want  to  hear.  I  am 
therefore  pleased  to  introduce  to  this  Con¬ 
ference  Dr.  James  Edson,  whose  address 
bears  the  significant  titl»  “Man:  The 
Ultimate  Weapon." 

Ladies  and  gentlemen,  Dr.  Edson. 


MAN,  THE  ULTIMATE  WEAPON’ 


Dr*  James  B.  Edson, 

Assistant  to  the  Director  of  Research  and  Development 
U.  S.  Department  of  the  Army 


I  bring  to  you  Dr.  Martin**  heartiest 
greeting*.  He  has  emphasized  to  me  the 
importance  that  he  attaches  to  your  field 
of  human  factors  work.  He  reviewed  for  me 
his  address  to  you  at  your  conference  two 
years  a*’©,  in  which  he  recountei  his  own 
human  factors  studies  in  connection  with  the 
creation  of  the  modern  telephone. 

Dr.  Martin  confidently  expects  you  further 
to  extend  the  application  of  measurement  and 
quantitative  theory  to  broad  human  problems, 
an  activity  to  which  biologists,  psychologists, 
and  engineers  have  already  so  notably  con¬ 
tributed.  He  urged  you  to  make  increasing 
use  of  operations  research;  this  in  the 
interest  both  of  effectiveness  and  economy. 
He  counsels  you  to  become  ever  more  fa¬ 
miliar  with  ;he  special  problems  and  require  - 
men  s  of  the  soldier,  in  order  more  effectively 
co  disenarge  your  key  role  as  transducers 
between  the  scientific  and  the  military  com¬ 
munities.  Finally,  Dr.  Martin  reminds  you  of 
what  you  already  know --that  the  Army  keenly 
appreciates  and  supports  your  work. 

General  Conway  has  referred  to  the  battle 
of  the  budget.  1  would  like  personally  to  testify 
to  the  energy,  endurance,  wisdom,  and 
gallantry  with  which  General  Conway  and  the 
whole  Army  staff  team  conduct  that  unending 
campaign.  It  remains  a  fact,  however,  that, 
in  these  days  of  tight  budgets,  the  Army's 
appreciation  of  your  work  and  of  your  aspira¬ 
tions  may  not  always  find  full  expression  in 
dollars.  Indeed,  perhaps  our  efforts  should 
not  be  so  measured.  Rather ,  the  true  measure 
of  accomplishment  may  well  be  taken  by  each 
of  us  for  himself.  You  have,  I  am  sure, 
shared  my  experience  of  those  small  but 
repeated  incidents  that  remind  u*  of  the 
innocent  and  almost  terrible  trust  reposed  in 
every  one  of  us  by  our  neighbors  and  fellow 
citizens.  They  must,  and  do,  depend  on  us  to 
outmatch  and  to  overawe  the  powers  that 
threaten  them.  They  give  us  not  only  of  their 
trust,  but  also  generously  of  their  substance. 
They  carry  us  on  their  shoulders,  that  we  may 
see  further  than  they.  So,  as  you  present  your 
work  here,  you  might  imagine  that  your 
Russian  colleagues  are  sitting  out  the  re  in  the 
empty  rows.  1  hope  that,  as  you  go  on,  you 
may  nense  a  proper  awe  and  respect  in  that 
phantom  audience.  I  hope  that  you  may  never 
hear,  as  I  have  once  or  twice,  the  ghostly  echo 
of  their  scornful  laughter. 

But  enough  of  these  occult  manifestations. 
With  so  many  psychologists  in  the  audience 
I'd  better  get  away  from  parapsychology  and 
back  to  the  safe  realm  of  astronomy.  As 
General  Conway  pointed  out,  Bessel's  analysis 


of  the  personal  equation  certainly  lies  close 
co  uie  beginnings  of  quantitative  psycho¬ 
physiology.  Astronomers  haie  encountered 
some  other  interesting  human  factors  prob¬ 
lems  that  are  directly  connected  with  work  to 
be  reported  at  this  conference.  Astronomical 
studies  of  atmospheric  shimmer  began  with 
the  invention  of  the  telescope.  The  original 
telescope  tracking  problem  was  to  keep  a 
camera  aimed  precisely  at  a  star  field  during 
many  hours  of  exposure.  Controversies  over 
observation  of  support  "markings*’ on  Venus, 
which  are  not  real,  and  the  "canals"  of  Mars, 
which  are  real,  were  essentially  signal -to- 
noise  problems  of  an  era  long  before  electron¬ 
ics.  And  the  blink  microscope,  as  used  in 
planetary  search  work,  is  the  ancestor  of  all 
moving  target  indicators. 

In  each  of  these  astronomical  problems, 
man,  with  his  native  sensory,  mental,  and 
manipulative  equipment,  played  the  decisive 
role.  The  same  is  true  of  fighting.  We  hear 
much  talk  today  of  "ultimate  weapons"  with 
one  gadget  or  ai;*>ther  nominated  f*>r  that 
imposing  role.  This  performance  reminds 
me  of  the  annual  beauty  queen  contests.  We 
get  a  new  "ultimate  weapon,"  if  not  annually, 
at  least  every  few  years.  These  titanic  gadgets 
have  just  one  thing  in  common.  Their  ultimate 
purpose  is  always  to  control  or  destroy  that 
truly  ultimate  wenpon--man  himself.  And 
when  all  of  the  gadgetary  uproar  subsides, 
what  crawls  out  of  he  shattered  landscape 
to  settle  the  argument?  What  else  but  that 
incredibly  tough  and  deadly  weapon,  the  thing 
of  which  Armies  are  made- -the  Man!!  Our 
central  problem  and  unique  Army  responsi¬ 
bility  is  the  preparation,  equipping,  support, 
and  tactics  for  that  ultimate  weapon. 

I  was  much  interested  in  the  cover  on  your 
last  year's  conference  report.  Starting  out 
with  the  brute  in  the  raw,  your  artist  proceeds 
to  equip  him  with  items  that  augment  his 
native  deadlines*  while  protecting  his 
frailties.  Let's  carry  this  process  to  its 
logical  extreme- -Let  us  imagine  the  ultimate 
soldier:  the  super -trooper.  He  has  three 
properties.  He  appears  instantly  when  and 
where  required.  He  moves  among  his  enemies 
immune  to  their  attacks.  He  secures  their 
consent  to  our  national  will  without  damage  to 
his  opponents  or  to  the  surroundings.  If  on* 
measures  the  "efficiency"  of  aweapouasthe 
ratio  of  wanted  to  unwanted  effects,  then  the 
"efficiency"  of  the  super-trooper  is  infinite. 
This  is  to  be  contrasted  with  the  same 
parameter  for  large  "strategic"  bombs, 
which  have  in  "efficiency"  of  practically 
zero.  Your  aim,  then,  may  be  described  as 


the  development  of  the  man  and  hi*  equipment 
together  into  an  optimal  tactical  agent  whose 
capabilities  approach  tne  ideal. 

Of  course,  at  the  moment  we  have  no 
**super-trooptra"--probably  we  never  will. 
But  we  just  might,  by  taking  a  new  look  at 
the  possibilities,  make  some  unexpected 
progress.  Take,  for  instance,  the  requirement 
that  the  super-trooper  move  Immune  among 
his  enemies.  Is  armor  the  answer?  Well, 
not  by  itself,  anyway.  You  psychologists, 
biologists,  engineers- -can  you  imagine  a 
novel  approach?  The  fact  is,  I  am  sure,  thal 
if  we  break  away  from  mental  fixation  on  Ihe 
usual  solution,  we  can  think  of  several  new 
ones.  We  may  hope  within  a  decade  to  make 
our  soldier  substantially  immune  to  small 
arms  and  tc  Mgh  explosive  fragments.  We 
can  perhaps  in  the  same  time  frame  provide 
him  with  a  technological  watch-bird  that  sits 
on  his  helmet  or  shoulder  and  looks  around 
while  out  soldier  proceeds  on  his  business. 
When  the  watch-bird  sees  something  suspi¬ 
cious  it  may  either  tell  the  soldier  who  then 
takes  a  look  to  see  what  goes  on- -or  in  a  slight¬ 
ly  more  sophisticated  model- -the  watch- 
bird  may,  In  a  time  very  short  compared  to 
human  reactions ,  perform  an  identification 
of  friend  or  toe  and  train  and  fire  on  any 
hostile  manifestation.  If  the  soldier  were 
not  otherwise  occupied  he  could  then  look 
around  and  satisfy  his  curiosity  as  to  what 
his  enemy  had  been.  The  soldier's  hand 
weapons,  if  he  still  needs  any,  can  be  of  a 
smart  and  eager  type  which  needs  only  to  be 
pointed  In  the  general  direction  of  the  target. 
As  soon  as  it  sees  the  target  for  itself,  it 
locks  on  and  only  when  on  target  does  it 
fire.  All  the  soldier  has  to  do  is  to  swing  the 
weapon  into  general  alignment  by  way  of 
target  designation  and  pull  the  trigger.  Or 
perhaps  he  desires  only  to  neutralize--not 
to  kill--hifl  weapon  can  have  a  "persvader" 
instead  of  a  kill  capability.  What  devices 
will  secure  consent  without  damage?  The 
rude  concept  of  persuasion  through  slaughter 
has  reached  its  absurd  extreme  in  present 
weapons.  What  novel  design  principles  should 
go  into  c.  firm  but  gentle  "persuader**  for 
our  future  soldier?  Or  what  likely  fields  of 
research  might  yield  such  principles? 

By  way  of  auxiliary  equipment  our  per¬ 
suader  teams  might  be  provided  with  a  type 
of  vehicle  which  for  reason  soon  to  be 
obvious,  I  will  call  a  "skunk.*'  The  skunk 
would  have  a  tactical  atomic  explosive  weapon 
carried  aboard  and  equipped  to  be  fired  by 
any  hostile  molestation.  Such  a  vehicle 
suddenly  disclosed  in  hostile  territory  might 
well  invite  respectful  or  even  courteous 
treatment  by  the  enemy.  The  operators  of  such 
a  vehicle  would  require  considerable  nerve 
but  they  might  accomplish  results  otherwise 
impossible.  There  remain,  of  course,  num¬ 
erous  and  sundry  problems  of  clothing, 
food,  fuel,  communications  and  tactics  for 


such  groups,  but  the  outlined  pattern  of 
capabilities  seems,  indeed,  almost  within 
the  capacity  of  present  science. 

The  powers  of  the  "super-trooper," 
dramatic  as  they  are,  may  He  perhaps  not 
so  far  beyond  the  present  boundaries  of  the 
art.  In  reading  the  reports  of  your  im¬ 
pressive  progress  over  the  past  few  years, 
I  am  inspired  to  believe  that  you  have  occu¬ 
pied  the  present  territory  of  human  engineer¬ 
ing  in  a  very  workmanlike  manner.  My  own 
classification  and  countup  of  your  activities 
as  reported  at  last  year’s  conference  tov  .lied 
about  40  applied  and  70  supporting  research 
projects.  This  is  my  own  count  and  not 
connected  with  any  official  or  budgetary  tally. 
In  the  same  way,  I  found  about  30  projects 
that  appeared  to  be  basic  research.  It  now 
seems  to  me  that  the  Army’s  need  and  your 
own  capabilities  summon  you  to  cross  the 
frontiers,  and  to  present  our  rivals  with  a 
julimg  technological  surprise  in  the  form  of 
new  and  unheard-of  Army  human  factors 
capabilities.  1  feel  confident  that,  with  a 
determined,  creative,  and  disciplined  effort 
you  can  si.cceed  in  this.  My  confidence  is 
based  on  the  observation  that,  due  partly  to 
fixations  and  tabus,  partly  to  plain  neglect, 
the  application  of  truly  modern  science  and 
technology  to  the  human  factors  field  has  not 
been  fully  exploited. 

For  example,  one  might  make  a  contact 
lens  with  a  little  rod  that  works  a  pair  of 
potentiometers.  The  wearer  looks  into  the 
eyepiece  of  a  tracking  instrument  and  simply 
follows  the  target  with  his  eye.  The  po¬ 
tentiometers  drive  a  servo  in  the  tracking 
mount  which  follows  the  eye  motions.  And 
here’s  one  case  where  I’ll  bet  the  eye  is 
quicker  than  the  hand. 

Let's  try  one  more.  I  see  by  your  work 
that  simultaneous  use  of  a  variety  of  sensory 
channels  helps  a  man  to  span  more  informa¬ 
tion  or  to  be  mere  confident  in  his  responses. 

I  read  about  buzzers  on  the  skin --a  fine 
idea.  But  how  about  tl*at  third  "eye,"  the 
to..gue?  With  it,  you  can  build  up  a  magnified 
and  detailed  picture  of  your  teeth,  including 
all  the  little  corners,  cavities,  and  textures. 
Now,  the  topography  of  a  man’s  teeth  is 
usually  a  dismal  and  monotonous  view.  How 
about  installing  a  more  lively  scene,  like  a 
ra<*ar  or  infrared  image,  or  maybe  an 
instrument  panel,  for  presentation  to  the 
tongue?  The  transducer  might  be  either 
electrical  or  tactile,  and  could  be  built  and 
arranged  for  insertion  behind  the  lower  teeth 
in  such  a  way  as  not  seriously  to  interfere 
with  speech. 

I  am  only  a  layman,- -you  experts  must 
have  better  ideas  by  the  hundreds.  I  would 
like  to  point  out,  however,  two  of  the  very 
concrete  examples  of  work  across  the  fron¬ 
tiers  that  you  wilt  see  at  this  conference. 
One  is  the  presentation  by  the  Army  pros»he- 
ticisis  later  on  this  program.  It  seems  to 
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me  only  a  et  p  from  their  work  to  the  actual 
physical  modification  of  man  for  the  optimal 
performance  of  special  tasks.  And  just  beyond 
that  I  foresee  a  device  I  have  wanted  all  my 
life--a  “wisher."  The  "wisher"  would  plug 
directly  into  the  human  system,  whereupon 
one  would  merely  have  to  wish  and  his 
equipment  would  respond  like  part  of  his  own 
body. 

I  would  like  to  bring  you  a  second  example 
of  Army  work  across  a  frontier  and  in  a  field 
potentially  related  to  your  own.  The  phyalolo- 
gista  have  long  been  intrigued  by  the  cape  - 
bility  of  muscle  to  do  efficient  work.  When 
to  this  efficiency  one  adds  an  Llmoat  ambient 
temperature  and  absolute  silence,  the  mili¬ 
tary  potentialities  of  muscle  as  a  source  of 
power  are  obvious.  The  Frankford  Arsenal 
has  for  ome  years  been  working  on  a  basic 
ectentiliv  approach  to  the  understanding  »nd 
control  of  muscle-like  energy  trana-  .mere. 
Believing  that  you  would  find  the!"  work 
interesting,  and  encouraging  to  your  own  off - 
the- beaten  'rack  ideas,  1  have  prevailed  upon 
them  to  demonstrate  it  here  today.  My  com¬ 
panion  here  on  the  platform  has  been  quite 
impatiently  waiting  to  address  ynu.-l  shall 
therefore  deter  th»  remainder  of  my  remarks 
and  introduce  him  at  this  point.  Ladies  and 
gentlemen,  1  give  you  that  true  pioneer  and 
muscular  feline  Irom  Frankford  Arsenal-- 
Captain  Pitman II 

(Demonstration  of  Robot  powered  by 
artificial  "muscle  engine") 

Thank  you  Captain  Pitman.  May  your  speed, 
strength,  and  dexterity  increase  mightily 
over  the  coming  years!!!  Now,  may  I  present 


Captain  Pitman's  mentor,  one  of  the  world's 
pioneers  in  military  robotlcs--Mr.  James  M. 
Mlkula.  We  are  Indebted  to  Mr.  Mikula, 
Mr.  C.  D.  Fisher,  Mr.  E.  Rachel  end  their 
colleagues  at  Pitman-Dunn  Laboratories  for 
this  demonstration  and  for  the  imaginative 
pioneering  research  that  made  it  possible. 

Gentlemen,  in  the  last  few  minutes  1  have 
brought  you  the  assurance  that  the  Army 
knows  ycur  valve  ant!  neede  your  work.  1 
have  pointed  out  that  the  Army's  apprecia¬ 
tion  cannot  and  mutt  not  always  be  measured 
in  terms  of  budget  and  1  have  spoken  about 
the  truer  measure  that  we  all  know:  tor 
each--the  measure  of  his  own  effort  in  terms 
of  the  trugt  **  have  accepted.  1  know  you 
will  share  w'th  me  a  very  lively  pride  in 
your  Army  accomplishments  and  growth  over 
the  past  few  years,  as  reflected  in  the  pto- 
ceedlngt  of  these  meetings  and  in  the  respect 
which  you  have  won  among  your  colleagues 
throughout  the  country.  I  think  you  also  share 
with  me  the  realisation  that  our  obligation 
demands  much  more  of  ue  for  the  future 
than  we  hev  achieved  in  the  past.  We  must 
'ay  our  pall  a  into  new  fields- -we  must  work 
beyond  the  contlers  to  provide  the  men  of 
our  Army  with  decisively  superior 
buttles.  We  must  provide  our  0|  ponents  at  toe 
same  time  with  a  jolting  surprise  to  the 
effect  that  there  are  tilings  not  dreamed  in 
their  primitive  and  often  brutal  philosophy 
of  human  factors,  i  have  tried  to  point  out 
my  own  all  too  ha*v  glimpses  of  where  lie 
the  frontier*  and  how  we  n.iy  drive  across 
them.  Now,  may  you  gain  .lev  vision  as  you 
confer  together  here.  Ma>  you  find,  in  the 
months  the  I,  strength,  and  inspiration  to 
match  your  .nique  responsibility  for  Mon¬ 
ths  uttlmat"'  weapon. 
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iV.  USCONARC  PRESENTATIONS  TO  THE  CONFERENCE 

NEW  ORGANIZATIONS  AND  TACTICS 
Col.  H.  V.  Mlddleworth,  Hq.  USCONARC 


Introduction 

Gentlemen:  I  shall  briefly  describe  the  new 
divisional  organisations  otthe  Armyandtndi- 
cate  how  they  came  about.  Additionally,  T 
will  endeavor  to  describe  some  of  the  tacti¬ 
cal  concepts  applicable  to  one  of  these  new 
organizations,  the  Reorganised  Infantry  Divi¬ 
sion.  Subsequently,  Col  Fossum,  also  of 
USCONARC,  will  Indicate  the  impact  ofthese 
new  organisations  and  their  tactics  on  our 
materiel  objectives, 

ROCAD 


rigu  re  1  shows  the  newly  Reorganized 
Current  Armored  Division  (HOC  AD).  A  cur- 
•ory  glance  at  the  MOC.AD  organizational 
chart  give;  the  r"t  ?!?.;■  elusion  that  there 
have  been  few  If  any  changes  from  the  pre- 
vlou.  organizations.  While  It  la  trua  that 
there  are  manv  remarkable  similarities, 
there  are  many  evolutionary,  butneverthe- 
lea.  ba.lc,  change,  expressed  within  the 
general  ROCAD  framework. 

The  number  end  Internal  .Iructure  of  the 
major  combat  element,  of  ROCAD.  l.e.,  the 
tank  and  armored  Infantry  battalion*  and 
division  artlll.rv.  bear  a  .trlklng  re.em- 
blance  to  former  organization*.  This  l. 
especially  true  with  reaped  to  the  command 
structure,  the  number  of  subordinate  ele¬ 
ments.  and  their  equipment.  The  chsrac- 
icri.lic  of  mobility,  armor  protected  fire¬ 
power,  and  a  hlgh'.y  efficient  control  and 
communication,  syslem,  which  are  pre¬ 
requisite.  to  the  conduct  of  warfare  on  the 
nuclear  battlefield,  have  alsoalways  received 
a  high  order  of  emphasis  in  Armor's  pre- 
nuclear  doctrine,  organization,  and  equip¬ 
ment.  Current  and  future  emphasis  on 
development  in  these  fields  Is  aimed  at 
enhancing  Armor's  already  considerable 
capabilities  to  control  mobile  formations  of 
the  combined  arms  In  the  pretence  of  friendly 
or  enemy  nuclear  weapons. 

The  most  significant  differences  from 
previous  organizations  appear  In  the  dlvl- 
(Ion  artillery,  the  reconnaissance  battalion, 
the  signal  battalion  and  the  combat  aviation 
company. 

While  direct  artillery  support  and  liaison 
Is  provided  by  a  rather  conventional  direct 
support  artillery  organization,  the  firepower 


capability  at  and  above  the  general  support 
level  hae  been  vastly  increased  by  the 
Inclusion  of  nuclear  delivery  mean*  In  a 
composite  battalion.  These  changes  In  organi¬ 
sation  will  require  modification  in  the  doc¬ 
trine  of  employment  of  Are  support.  A 
minimum  requirement  will  be  that,  proximity 
of  friendly  troops  permitting,  the  division 
commander  wilt  have  ''permlaelve*'  authority 
to  utilise  nuclear  weapon*  with  "veto”  au¬ 
thority  retatned  by  the  higher  commander. 

An  anticipated  Increase  In  the  antiaircraft 
capabilities  in  the  form  of  certain  missile 
units  to  provide  an  "umbrella"  defense  for 
the  Held  Army  and  corps  area  of  combat 
operations  has  permitted  the  withdrawal  of 
the  small  caliber  AA  forward  weapons  bat¬ 
talion  and  their  concentration  under  AA 
control  for  the  most  efficient  defense  of  the 
combat  son*.  AA  doctrine  will  probably  pro¬ 
vide  for  attachment  of,  or  direct  support  by, 
forward  arcs  units  when  the  mission  of  the 
ROCAD  division  visualises  it  moving  out  from 
under  the  effective  protection  of  thl*  um¬ 
brella  defense.  Again,  this  change  1*  a 
reflection  of  the  relative  effectiveness  of 
conventional  AA  weapons  vis  a  vis  modern 
high  performance  aircraft,  the  necessity  t., 
conserve  manpower,  and  at  the  tame 
time  marshall  the  necessary  skills  and  ad¬ 
vanced  device*  Into  an  effective  AA 
defense,  Perh-ip*  as  these  newer  AA  weapons 
become  more  plentiful,  leae  complex,  and 
more  adaptable  to  highly  mobile  units,  they 
will  again  be  Integrated  into  the  Armored 
Division. 

To  provide  for  Increased  control  and 
coordination  and  a  better  reconnaissance 
capability  to  locate  nuclear  targets  and  to 
cover  the  voids  which  will  exist  on  .  dis¬ 
persed  battlefield,  both  vhe  reconnaissance 
battalion  and  the  signal  unit  have  been 
increased  substantially  In  strength  and  capa¬ 
bilities.  The  former  now  has  Integrated 
companies  rather  than  Integrated  platoon*, 
as  w*ll  a*  an  embryo  reconnaissance  aid 
surveillance  element  equipped  with  elec¬ 
tronic  detection  devices.  The  full  realisation 
of  the  potentialities  of  this  reconnaissance 
and  surveillance  unit  and  its  airborne  and 
ground  devices  must  await  the  production 
and  delivery  of  Improved  materiel.  This  1* 
on*  ares  in  which  subsequent  revisions  of 
the  lOE  will  probably  reflect  the  great¬ 
est  changes- -dependent  upon  the  exact 


capabilities  ana  limitations  of  the  final  pro¬ 
duction  models  of  materiel.  Again,  charges 
in  materiel  will  cause  changes  in  organiza¬ 
tion  and  doctrine. 

The  exact  t'.ning  and  control  required  in 
coordinating  an  attack  with  an  atomic  strike, 
the  dispersal  of  units,  and  a  requirement  for 
better  and  more  timely  intelligence  are  all 
reflected  in  the  organization  and  equipment  of 
the  signs!  battalion  (formerly  company).  The 
precise  accuracy  and  message  control  which 
can  be  achieved  through  radio  teletype  are 
reoutred  for  such  purposes  as  coordinating 
atomic  fires,  where  no  misunderstanding  can 
be  tolerated.  Moreover,  this  means  is  leas 
susceptible  to  enemy  intercept  and  analysis 
through  straight  voice  FM  traffic,  which 
brings  an  added  measure  of  security  against 
enemy  atomic  attack.  For  these  reasons  the 
capabilities  of  the  signal  battalion  have  been 
expanded  both  by  additional  personnel  and 
additional  equipment,  principally  in  the  radio 
teletype  (RTT)  field. 

The  ROC  AO  combat  aviation  company  does 
not  sdd  a  new  capability  to  the  division.  It 
Is  merely  an  organizational  device  which 
concentrates  all  Army  aviation  into  one  unit, 
in  order  that  more  effective  maintenance 
and  supply  procedures,  and  pitot  rotation, 
will  insure  the  best  aviation  support  of  the 
overall  division  mission.  Ite  doctrine  of 
employment  visualizes  assignment  of  support 
of  all  combat  elements  of  the  division  on  an 
"as  required"  basis.  Certain  elements  of 
the  company  wilt  be  earmarked  for  habitual 
employment  in  support  of  the  same  units. 
This  is  especially  true  of  support  for  the 
reconnaissance  battalion  and  division  ar¬ 
tillery.  if  mslntensnce  difficulties  or  other 
unforeseen  difficulties  render  certain  air¬ 
craft  inoperable,  support  can  be  quickly 
reallocated  so  as  to  be  applied  to  the  most 
remunerative  area  of  effort.  T*d»  type  or¬ 
ganization  has  permitted  almost  doubling 
the  aircraft  In  the  division  without  jeopard¬ 
izing  their  effective  employment  through  or¬ 
ganizational  fragmentation  and  ths  resultant 
msintenanre  difficulties. 

The  principa1  differences  in  the  supply  and 
service  echeluns  of  the  division  are  the 
addition  of  tank  trucks  and  replacement  of 
certain  2*  ton  by  5  tun  trucks  in  both  the 
unit  and  division  trains.  Since  the  mobility 
of  the  division  is  ultimately  based  on  the 
energy  equation  of  petroleum  fuel,  the  in¬ 
creased  consumption  factors  and  powered 
equipment  density  demanded  a  more  effi¬ 
cient  supply  system.  The  number  of  cargo 
trucks  and  consequently  their  POL  con¬ 
sumption  has  been  held  to  an  absolute  mini¬ 
mum,  while  at  the  fame  time  the  epeciallaed 
gasoline  tankers  will  permit  moving  s  certain 
amount  of  POL  forward  In  bulk  whtch  is  aleo 
more  economical,  both  from  the  standpoint 
of  manpower  and  tht  ton -mile  fuel  con¬ 
sumption  ratio. 


ROCID 

Briefly  I  have  described  the  characteris¬ 
tics  and  soma  of  tha  employment  techniques 
of  the  new  Armored  Division;  now  I  will 
turn  to  the  Reorganised  Current  Infantry 
Division  which  wa  call  ROCID.  I  am  going 
to  atreaa  this  new  organisation  In  somewhat 
greatar  datall  for  it  represent!  a  more 
radical  change  from  the  Infantry  Division  of 
WWII  and  Korea. 

In  daveloptng  the  basic  structure  of  the 
new  infantry  division  (figure  2),  we  have 
attempted  to  anticipate  future  trends  to  the 
greatest  possible  extent.  Consequently,  it 
was  designed  to  meet  certain  criteria.  These 
criteria  are: 

1.  To  be  suitable  for  employment  is  the 
foreseeable  future. 

2.  To  be  capable  of  integrating  new 
weapons  and  equipment  as  they  become 
available. 

3.  To  facilitate  the  early  incorpora¬ 
tion  of  future  operational  and  organisational 
concepts  in  training  literature  and  service 
echool  instruction. 

4.  To  facilitate  early  training  of  eom- 
mandera  and  staff  officers  to  warfare  of  the 
future. 

In  addition,  a  basic  aim  was  to  build  an 
infantry  division  around  a  preponderantly 
strong  infantry  component,  supported  by  only 
those  minimum  halanced  elements  of  the 
other  arms  end  services  habitually  needed 
to  support  the  infantry  component  regardlaaa 
of  theater  of  employment.  As  a  result,  the 
basic  structure  la  lean.  At  the  same  time, 
tfae  design  I*  sufficiently  flexible  to  permit 
the  ready  attachment  of  units  to  reinforce 
the  division  far  employment  anywhere  In  the 
world. 

In  comparison  with  our  divieion  of  WWII 
and  Korea,  ROCID  la  smaller,  more  mobile, 
and  more  flexible.  One  echelon  of  command 
has  been  eliminated,  leaving  the  infantry 
battle  group  as  the  only  echelon  of  command 
between  the  rifle  company  and  the  division. 
We  consider  that  this  reduction  in  layers  of 
command  will  asolst  in  speeding  up  the  re¬ 
action  time  required  to  meet  the  demands 
of  the  atomic  battlefield.  At  the  same  time 
the  assistant  division  commander  has  been 
provided  with  a  staff  ’vhich  will  enable  him 
to  command  n  task  fores  whan  and  as  re  - 
quirad. 

A  comparison,  !u  terms  of  organisation 
and  strength,  between  the  old  and  the  new 
divisions  and  their  Infantry  component*  will 
show  that  aven  though  tha  infantry  strength 
!s  some  3400  lees,  there  are  nevertheless  SO 
rifle  platoons  as  compared  with  01  in  the 
old  division.  Note  also  that  the  new  divieion 
baa  mora  rif!smen--2640--as  opposed  to 
2187  in  the  old  division.  This  bee  been  made 
possible  by  utilizing  a  larger  squad,  con¬ 
taining  1 1  men  instead  of  9. 
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Now  rl’  *  take  a  look  at  the  components  of 
the  ROC'ID  division  ^owr  in  Figure  2.  The 
organization  of  major  supporting  elements  of 
the  division  is  tailored  to  facilitate  support 
cf  the  five  battle  groups: 

1.  The  divii’on  tank  battalion  has  five 
companies  of  1  /  tanks  each. 

2.  The  division  artiMery  has  only  two 
battalions,  however,  the  light  battalion  has 
five  firing  batteries,  each  having  sir  105-mm 
howitzers.  A  committed  battle  group  may 
expect  to  be  reinforced  by  a  minimum  of 
one  of  these  batteries.  The  general  support 
battalion  has  two  batteries  of  six  155-mm 
howitzers  each.  Its  two  other  firing  bat¬ 
teries  both  have  an  atomic  capability.  One 
battery  has  four  8-inch  howitzers.  The  other 
battery  has  *wo  ’’HONEST  JOHN" launchers. 

I.  The  engi.iecr  battalion  is  organized 
with  live  companies  to  permit  one  company 
to  be  attached  to,  or  placed  In  support  of 
each  battle  group. 

4.  The  reconnaissance  company  of  the 
old  division  has  been  replaced  with  a  re¬ 
connaissance  battalion  containing  three 
armored  cavalry  companies.  In  addition, 
the  battalion  headquarters  company  has  both 
aerial  and  ground  surveillance  equipment 
for  atomic  target  acquisition. 

5.  A  cignal  battalion  replaced  the  former 
signal  company.  It  is  organized  to  provide 
adequate  communications  and  control  means 
under  conditions  of  increased  dispersion  and 
atomic  destruction.  This  communications 
system,  known  as  the  area  or  grid  system, 
provides  for  multiple  communications  cen¬ 
ters  to  insure  uninterrupted  communications 
during  atomic  warfare. 

6.  The  division  tra'ne  command  con¬ 
tains  not  only  the  usual  technical  and  ad- 
m<-<  I'-ative  services  and  a  pool  of  cargo 
trucks  or  lorries,  but  also  an  aviation  com¬ 
pany  and  two  armored  personnel  carrier 
companies. 

7.  The  aviation  company  is  located  in 
the  trains  command  to  facilitate  maintenance. 

8.  The  two  armored  pet  sonnet  carrier 
companies  contain  sufficient  APC’s  to  lift  a 
battle  group  and  a  half.  This  carrier  lift, 
togelber  with  his  tanks,  gives  the  division 
commander  the  means  quickly  to  constitute 
mechanized,  mobile  forces  in  many  possible 
combinations  for  a  variety  of  missions.  In 
other  words  by  adding  these  AFC’s  to  the 
division,  we  have  built  in  a  tremendously 
augmented  mobility  and  flexibility  potential. 
The  new  APC  now  being  developed  will  be 
air-transportable  and  capable  of  swimming 
across  Inland  waterways. 

9.  The  adminUti alive  services  com¬ 
pany  incorporates  the  special  staff  agencies -- 
AG.  Finance,  and  the  like--also  the  former 
replacement  esmpany. 

13.  in  the  new  Infantry  Battle  Group, 
the  headquarters  company  contains  three 
combat  elements,  a  reccmnals  since  platoon, 


an  engineer  platoon  and  an  AT  platoon.  We 
expect  to  equip  this  latter  platoon  with  DART 
when  it  becomes  available.  In  the  interim, 
the  current  90-mm  gun  tank  will  probably 
be  the  primary  armament. 

II.  The  four'ideutical  rifle  companies 
each  contain  five  platoons,  four  rifle  pla¬ 
toons  and  a  weapons  platoon.  The  rifle 
squads  or  sections  of  eleven  men  are  organ¬ 
ized  into  two  fire  trams  of  five  men  each  and 
a  squad  leader.  Each  fire  team  contains  an 
automatic  rifleman.  Each  rifle  platoon  has  a 
weapons  sqoad  of  two  light  machine  guns  and 
two  3.9  inch  rocket  launchers,  A  90-mm 
recnilless  rifle  la  under  development  which 
will  replace  the  3.9-inch  rocket  launcher 
and  give  a  greater  antitank  capability.  There 
are  three  81 -mm  mortars  and  two  106  mm 
recoillets  rifles  in  the  weapons  platoon. 
Overall  we  consider  that  this  Is  a  large  and 
potent  rifle  company.  With  its  heavier  caliber 
weapons,  we  can  expect  it  to  produce  a  much 
greater  value  of  fire  than  its  predecessor. 
The  main  heavy  fire  support  for  the  rifle 
companies  of  the  battle  group  will  be  pro¬ 
vided  by  the  artll'ery  mortar  battery  which 
contains  eight  4.2inch  mortar*.  These  may  be 
replaced. 

The  new  division,  with  a  little  more  "fox¬ 
hole"  strength  than  its  predecessor,  is  more 
mobile  and  mare  flexible  and  utilizes  span  of 
control  more  efficiently  to  reduce  overhead. 
We  believe  that  it*  five  Infantry  battle  groups 
ara  powerful  enough  to  survive  as  effective 
fighting  forces  under  operational  conditions 
which  emphasize  wide  intervals  and  distances 
between  them  in  the  battle  area.  It  ta  organ¬ 
ised  to  irtegrate  new  weapons  and  equipment 
as  they  become  available.  The  inclusion  of  an 
organic  atomic  capability  within  the  division 
is  of  particular  significance.  In  addition, 
this  division  can  quickly  field  powerful 
mechanized,  mobile  task  forces.  We  believe 
that  it  Will  be  able  to  domlmre  a  goodly 
share  of  the  battle  area. 

Let  ue  now  consider  how  this  unit  will 
function  on  the  atomic  battlefield — or  the 
non-atomte  battlefield,  fn  the  latter  case, 
conventional  weapons  would  provide  the:  nee  - 
essary  fire  support.  First  we  shall  consfder 
the  division  in  the  attack  and  then  turn  our 
attention  to  the  defense. 


Th*  conduct  of  the  attack  will  vary  inform 
depending  upon  tsrrsln,  th*  enemy  situation, 
the  number  and  type  of  atomic  weapons 
available,  tactical  air  support, andthedegree 
of  air  and  ground  mobility  attainable.  All 
attacks  will  have  one  filing  in  common— 
they  will  be  characterized  by  rapid  move¬ 
ment  to  assault  positions,  vigorous  assaults 
and  rapid  exploitation. 

We  visualise  the  attack  (figure  3)  as  a 
continuous  flow  or  movement  of  forces  to  the 


division  objective.  By  this  means,  combat 
power  is  applied  continuously  throughout  the 
duration  of  the  attack.  Action  is  initiated  by 
one  or  more  battle  groups  reinforced  with 
tanks  and  engineers  attacking  relatively 
close-in  objectives  on  foot  in  conjunction  with 
atomic  and  other  supporting  fires.  Reserve 
elements  consist  of  one  or  more  battle  groups 
with  attached  ranks.  These  units  are  mounted 
in  available  transport.  Including  AP C*s. 
Throughout  the  advance,  attacking  elements 
heavily  engaged  are  raoidlv  bypassed  by 
mounted  reserve  units,  or  reinforced  by 
these  reserve  units  and/or  atomic  fires,  if 
required.  Armored  personnel  carriers  are 
ideally  suited  for  transporting  this  reserve. 
The  APC's  will  deliver  the  reserve  units  as 
close  to  their  objectives  as  possible.  At  this 
point  they  dismount  and  attack  on  foot.  The 
transportation  withdraws  to  be  used  to  lift 
additional  or  reconstituted  reserves  for  simi¬ 
lar  future  employment.  Momentum  and  mutual 
support  are  maintained  by  the  rapid  phasing 
of  these  mechanized  reserves  into  the  attack. 
A  measure  of  security  from  enemy  atomic 
fires  is  afforded  by  rapid  movement  of  these 
forces  not  closely  engaged,  and  by  dispersion 
of  reserves.  In  this  farm  of  attack,  when 
given  adequate  atomic  weapon*  of  suitable 
size,  it  is  quite  conceivable  that  attacking 
units  will  not  themselves  become  heavily 
engaged.  Rather  they  will  locate  and  deter 
mine  the  extent  of  enemy  disposition*,  than 
annihilate  or  neutralize  him  with  atomic 
fires. 

Another  variation  of  the  division  attacx  is 
a  mechanized  envelopment  (figure  4).  This 
maneuver  consists  of  a  rapid  exploitation  of 
atomic  fires  by  mechanized  elements  of  the 
division  to  seize  the  division  objective.  The 
division  may  employ  this  form  of  attack  in 
situations  where  initial  enemy  resistance 
can  be  neutralized  by  atomic  weapon  *  em¬ 
ployed  in  conjunction  with  secondary  attacks. 
Other  factors  favoring  this  maneuver  are 
relatively  weak  or  over-extended  enemy 
defenses,  and  terrain  which  is  suitable  for 
mechanized  operations.  Fur  his  secondary 
attacks  on  initial  objectives,  the  commander 
will  employ  minimum  forces  on  foot  in  con¬ 
junction  with  ’ow- yield  atomic  strikes.  In 
this  example,  psrhaps  a  single  Battle  Croup 
reinforcement  of  tanks,  engineers  and  ar¬ 
tillery  would  be  allocated  to  the  secondary 
attack.  For  his  main  attack,  the  commander 
may  employ  a  task  force  under  command  of 
the  assistant  division  commander. Typically, 
this  task  force  would  be  built  around  a 
strong  infantry  nucleus --one  or  more  battle 
groups  - -mounted  in  APC's  and  heavily  rein¬ 
forced  with  tanks,  reconnaissance  units, 
sngtneers,  and  artillery,  together  with  on- 
call  atomic  weapons.  Additional  reconnais¬ 
sance  elements  will  usually  be  assigned  the 
mission  of  protecting  one  or  both  flanks 
of  the  task  force.  Note  also  that  a  small 


airlanded  force  is  employed  in  a  blocking 
role  near  the  division  objective.  To  insure 
success,  the  main  attack  must  be  charac¬ 
terized  by  speed  and  violence  in  order  to 
deny  the  enemy  time  to  react  effectively. 

DEFENSE 

By  way  of  illustration,  figure  5  show*  an 
example  of  one  way  in  which  the  division 
might  conduct  the  mobile  defense.  Well 
forward  of  the  defensive  area,  reconnaissance 
aviation  and  a  covering  force  provioed  by 
higher  headquarters  furnish  security  and 
give  early  warning  of  attack.  Between  the 
covering  force  and  the  forward  edge  of  the 
battle  area,  the  division  commander  estab¬ 
lishes  his  own  reconnaissance  and  security 
forces.  The  Reconnaissance  and  Security 
Line  is  located  about  3  to  4  miles  in  front  of 
the  main  battle  position.  It  will  usually  be 
manned  by  forces  provided  by  the  forward 
battle  groups,  augmented  as  required  by  the 
attachment  of  other  divisional  units,  par¬ 
ticularly  reconnaissance  elements  from  the 
Divisional  Reconnaissance  Battalion.  The 
security  elements  establish  a  series  of 
lateral  outposts,  road  blocks  and  observa¬ 
tion  posts.  Reconnaissance  detachments 
probe  to  the  front  to  malntatn  contact  with 
the  covering  force,  locate  possible  atomic 
targets,  and  thus  extend  the  security  to  the 
front.  These  forces  have  the  mission  of 
warning  of  enemy  approach,  covering  the 
withdrawal  of  the  corps  covering  force,  and 
screening  the  main  battle  area  by  delaying, 
deceiving,  and  disorganising  the  enemy.  Thts 
mission  emphasises  locattn..;  suitable  atomic 
targets. 

In  our  concept  of  the  mobile  defense,  the 
commander  employes  the  minimum  forces 
to  occupy  forward  defensive  positions.  The 
mission  of  Uie  forces  employed  in  the  for¬ 
ward  defensive  area  is  to  warn  of  impending 
attack,  canalize  the  enemy  into  terrain  favor  - 
able  for  the  defender,  and  block  or  impede 
die  attacking  force.  Note  that  the  two  forward 
battle  groups  are  disposed  in  a  series  of 
orgauized  positions  extending  across  the 
forward  defensive  area.  These  organised 
positions  are  of  varied  size  and  the  forces 
occupying  them  are  prepared  for  all-round 
defense.  Coupled  with  these  positions,  a 
series  of  observation  posts  is  also  employed 
across  the  forward  area.  To  provide  depth, 
additional  blocking  and  switch  positions  are 
prepared  in  rear  of  the  forward  positions 
in  accordance  with  die  division  com¬ 
mander's  overall  defensive  plan.  When  the 
forward  positions  come  under  attack,  the 
division  commander  may  authorise  certain 
units  to  withdraw  Immediately  to  occupy 
twitch  or  blocking  positions  while  other 
units  may  be  ordered  to  hold. 

In  the  mobile  defense,  principal  reliance 
Is  placed  on  bold  and  vigorous  offensive 
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action  to  destroy  the  enemy  in  the  selected 
tactical  locality  most  favorable  to  the  de¬ 
fender,  Thus  tne  commander  in  this  example 
has  retained  the  major  portion  of  his  combat 
power  in  dispersed  areas  well  in  rear  cf  the 
forward  defensive  positions.  This  force  con¬ 
sists  of  the  divisional  tank  battalion  and 
three  battle  groups,  one  of  which  is  mounted 
in  APC's.  These  elements  constitute  the 
striking  force  whose  mission  is  to  destroy 
the  enemy  force  at  a  time  and  place  of  the 
commander's  choosing.  All  or  part  of  the 
striking  force  may  be  employed  offensively, 
as  required  by  the  situation.  In  some  cases 
a  part  of  the  force  may  occupy  blocking 
positions  while  the  remainder  executes  the 
counterattack.  In  any  case,  plans  for  em¬ 
ployment  of  the  striking  force  will  include 
maximum  support  by  atomic  and  other  fires. 
As  in  the  attack,  the  division  commander 
may  employ  bis  assistant  division  com¬ 
mander  to  command  either  the  striking  force 
or  the  forces  in  the  forward  defensive  area. 

ROT  AD 

Many  of  the  tactics  I  have  described  art 
applicable  not  only  to  the  ROCID  Division 
but  to  our  new  Reorganization  of  the  Air¬ 
borne  Division  (ROT AD)  shown  in  figure  6. 
Hove-er,  the  latter  la  more  often  employed 
in  an  airhead  type  of  operation  where  all 
around  protection  is  required.  As  a  conse¬ 
quence,  each  of  the  airborne  division's  battle 
groups  contains  five  Infantry  companies 
rather  than  four. 

A  glance  at  figure  6  will  convey  the 
similarity  between  ROCID  and  the  new  air¬ 
borne  division.  For  your  purposes  it  would 
be  well  to  note  that  this  division  is  100% 
air -transportable  and  its  personnel  are 
trained  parachutists.  There  are  differences 
in  the  logistical  support  structure,  the  air¬ 
borne  division  has  a  support  commandei  with 
subordinate  functional  elements.  The  support 
command  is  responsible  for  all  logistics 
support  in  an  airborne  airhead.  The  re¬ 
connaissance  element  is  smaller  and  lighter 
and  the  artillery  of  the  division  does  not 
have  the  relatively  heave  8"  howitzers. 

Employment  Principles: 

.1,  Firepower. --From  the  description  of 
these  organizations  and  their  methods  of 
doing  business  it  should  be  obvious  that 
greater  reliance  is  placed  on  firepowe-- 
both  conventional  and  atomic --than  ever  be¬ 
fore.  Delivery  systems  designed  to  apply 
this  firepower  from  the  small  arms  to  the 
guided  missile  must  be  rugged  and  rela¬ 
tively  simple  to- operate.  They  will  be  sub¬ 
jected  not  only  to  the  rigors  of  gre  ind  combat 
of  the  past  but  also  to  the  threat  of- -or 
actual  effects  of- -enemy  atomic  weapons. 
(In  this  regard,  a  convenient  eye  shield  to 
prevent  flash  blindness  is  an  example  of  a 
rather  obvious  requirement.) 


2.  Mobility. --You  should  be  impressed 
by  the  mobile  tactics  that  the  new  divisions 
will  employ.  To  achieve  the  requisite  mo¬ 
bility  every  effort  muet  be  made  to  make 
individual  equipment  as  light,  as  compact, 
and  as  convenient  as  possible.  Although 
there  is  a  comparatively  greater  degree  of 
mechanization,  the  foot  elements  of  ROCID 
and  ROTAD  art  ever  present.  They  should 
not  be  dependent  upon  vehicles  to  discharge 
their  missions,  and  aa  a  consequence  their 
weapons  and  equipment  must  be  capable  of 
being  broken  down  to  man-portable  loads. 
For  example,  a  great  advantage  of  the  106mm 
r?  cot  lies  a  rifle  over  its  predecessor  the 
105mm  RR  is  that  it  may  be  dismounted 
from  its  jeep-type  weapons  carrier  and  man 
transported  in  several  loads  when  required. 
The  106mm  RR  was  only  as  mobile  aa  its 
weapons  carrier. 

3.  Dispersion. --Wider  frontages  and 
greater  depths,  on  a  battlefield  threatened  by 
hostile  employment  of  atomic  weapons,  dic¬ 
tate  that  combat  units  achieve  greater  dis¬ 
persion.  Often  there  will  be  gaps  between 
front  line  combat  elements  which  will  be 
covered  by  reconnaissance,  by  fire,  or  both. 
Under  such  conditions  maintenance  and  other 
required  support  from  the  rear  will  be 
difficult.  Again,  as  far  as  individual  and 
organizational  equipment  are  concerned, 
simplicity  of  operation  and  maintenance  be¬ 
comes  extremely  important.  Whenever  pos¬ 
sible,  repairs  to  organizational  and  individual 
equipment  should  be  accomplished  on  a  unit 
exchange  basis  as  opposed  to  minute  Indi¬ 
vidual  spare  parts  which  require  unit  break¬ 
down  and  reassembly. 

4.  Control  and  Communications. --The  new 
organizations  and  the  tactics  they  employ 
place  a  premium  on  communications  and 
control.  Although  wire  will  be  used  where 
possible,  great  reliance  must  be  placed  on 
radio.  With  radio,  communications  security, 
adequate  readability,  and  sufficient  power 
sources  are  always  problems.  Of  course 
armored  vehiclea  provide  excellent  power 
aourcea  for  radio  equipment,  however, 
portable  radio  equipment  for  foot  elements 
must  include  the  power  source --batteries. 
Operators  of  portable  radios  should  be  able 
to  operate  them  with  their  hands  unen¬ 
cumbered,  particularly  ao  they  may  uae  their 
personal  weapons. 

5.  Vulnerability  to  Detection.- -Another 
employment  principle  that  may  be  inferred 
from  the  discussion  of  organization  tactics  I 
shall  call  vulnerability  to  detection.  In  the 
past,  we  have  given  a  degree  of  lip  service 
to  camouflage  and  concealment,  but  aoma 
commanders  took  the  problem  lightly.  On  the 
atomic  battlefield,  however,  such  passive 
measures  may  be  the  most  effective  defense 
against  hostile  atomic  weapon*.  All  Army 
forces  must  therefore  be  provided  with  op¬ 
timum  equipment  to  accomplish  the  task  and 
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be  trained  and  indoctrinated  In  its  use.  The 
problem,  of  course,  is  even  more  compli¬ 
cated  when  the  mobile  tactics  of  the  new 
organizations  ar*  considered.  Perhaps  in 
your  work  you  can  help  us  find  answers. 

6.  Serviceability.- -It  goes  without  saying 
that  materiel  for  these  units  must  be  service¬ 
able.  I  believe  that  in  discussing  the  other 
employment  pilnciplcs  I  have  stressed  the 
point  sufficiently. 

7.  Staying  Pcwer.--The  new  infantry  and 
armored  divisions  are  designed  for  sus¬ 
tained  operations;  they  have  the  requisite 
staying  power  for  such  operations.  Sus¬ 
tained  operations  infer  replacement  not  only 
of  materiel  but  also  personnel.  Replacement 
personnel  must  be  trained  in  the  SOPs  and 
techniques  of  the  unit.  This  may  well  have  a 
decided  impact  on  our  materiel  designs. 


Again  it  may  be  seen  that  simplicity  and 
convenience  are  absolutely  required. 

CONCLUSION 

I  have  described  our  new  organizations 
and  some  of  their  tactics.  Modern  tactics 
could  well  be  described  by  one  word-* 
mobility.  I  have  briefly  discussed  what  ! 
choose  to  call  employment  principles  to 
include:  firepower,  mobility,  dispersion,  con¬ 
trol  and  communications,  vulnerability  to 
detection,  serviceability,  and  staying  power. 
I  hope  that  1  have  stimulated  your  thinking 
and  provided  a  platform  for  Col  Fob  sum  to 
discuss  the  impact  of  these  new  tactics 
and  organizations  on  materiel  objectives. 

Thank  you. 


IMPACT  OF  NEW  TACTICAL  CONCEPTS  ON  MATERIEL  OBJECTIVES 


Lt.  Col.  E.  A.  Fossum,  Hq.,  USCONARC 


Gentlemen: 


Col  Mlddleworth  has  told  you  how  our 
new  tactical  concepts  and  organizations  are 
based  upon  certain  employment  principles. 
I  will  now  attempt  to  describe,  in  a  rather 
general  sense,  the  impact  of  some  of  these 
principles  on  our  objectives  in  the  develop* 
ment  of  new  materiel,  and  some  of  the  human 
factors  which  are  Involved. 

First,  It  has  been  said  that  we  will  place 
greater  reliance  on  firepower.  That  means 
that  existing  weapons  must  be  replaced  with 
new  weapons  which  will  give  us  greater 
lethality,  longer  effective  ranges  and  faster 
rates  of  fire.  In  other  ".c,.ds,  we  must  be 
abie  to  distribute  more  destructive  energy 
over  a  wider  area  in  a  given  period  of  time 
than  at  present.  Unquestionably  this  can  be 
done  but  there  are  many  limiting  and  re¬ 
sts  ve  factors  which  stand  in  the  way  of 
thi  developmental  objective,  and  one  of  the 
most  important  of  these  is  the  human  factor. 

Let's  consider  some  of  these  limiting  fac¬ 
tors  in  regard  to  one  of  our  more  common 
and  simpler  weapons,  the  machine  gun, 
which  is  familiar  lo  all  of  us. 

Existing  American  machine  guns  are  anti¬ 
personnel  weapons,  firing  a  ,30  caliber  or 
7.62mm  bullet,  which  has  plenty  of  punch 
to  knock  out  an  unprotected  man.  But  If  the 
man  Is  in  an  armored  carrier  or  a  concrete 
pill  box,  or  even  in  a  foxhole,  he  doesn't 
have  to  worry  much  about  the  terminal 
destructive  effects  of  that  ,30  caliber  slug. 
The  destructive  power  of  this  bullet  could 
of  course  be  beefed  up,  primarily  by  in¬ 
creasing  the  weight  and  size  of  the  ammuni¬ 
tion  and  proportionately  increasing  the  weight 
and  size  of  die  weapon.  But  you  can't  Increase 
the  weight  or  bulk  of  either  very  much  with¬ 


out  going  beyond  the  physical  capability  of  the 
crew  to  transport  the  weapon  and  its  am¬ 
munition.  And  if  you  make  it  big  and  heavy 
enough  to  require  vehicular  transport,  you 
may  have  Increased  tbe  destructive  capacity 
of  your  weapon,  but  you  probably  won't  be 
able  to  put  the  fire  down  on  the  place  you 
want  it. 

Let's  look  at  ranges  for  a  moment.  Exist¬ 
ing  machine  guns  have  effective  ranges  up 
to  about  2000  yards.  If  you  Increase  tbit 
range,  you  will  have  to  make  a  bigger  and 
heavier  cartridge  to  hold  more  propellant, 
and  a  heavier  weapon  to  withstand  the  in¬ 
creased  pressures.  And  since  existing  weap¬ 
ons  are  effective  about  as  far  as  a  m—i 
can  see  and  sight  on  his  target,  any  increase 
in  range  will  probably  impose  a  need  for 
additional  sighting  and  target  acquisition 
devices.  And  now  we  are  back  on  tbe  same 
old  side  of  the  same  old  circle.  Additional 
equipment  means  more  weight,  and  more 
weight  means  less  flexibility  of  employment 
of  the  weapon. 

Now  consider  rates  of  fire.  If  you  want  the 
bullets  to  come  out  of  a  machine  gun  faster 
than  they  do  at  present,  you  must  increase 
its  stability.  Otherwise  the  bullets  will  spray 
all  over,  particularly  up  in  the  air,  rather 
than  on  the  intended  target.  Increased  sta¬ 
bility  means  increased  weight,  particularly 
in  the  mount.  And  as  I  have  said  a  couple  ot 
times  already,  the  heavier  the  weapon,  thi: 
more  difficult  it  is  to  get  it  to  the  proper 
implacement;  and  in  this  instance,  Increased 
rate  of  fire  Isn’t  worth  much  anyway.  Present 
machine  guns  fire  faster  than  a  gunner  can 
shift  from  one  target  to  another,  and  there  isn't 
much  pay-off  in  shooting  faster  st  a  single 
target,  because  that  is  just  pumping  more  bul¬ 
lets  into  a  target  that's  already  destroyed. 
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So,  while  we  need  more  effective  fire¬ 
power,  it  must  be  provided  without  increas¬ 
ing  the  burden  on  the  individual  soldier  in 
the  case  of  infantry  weapons,  and  without 
substantial  increase  in  the  overall  logistical 
burdens  in  the  case  of  large  supporting 
weapons. 

This  leads  into  consideration  of  mobility, 
another  of  the  employment  principles. 

Elements  of  our  new  Army  must  be  shifted 
rapidly  over  comparatively  gre^t  distances 
for  two  basic  reasons.  Gne,  in  order  to 
concentrate  our  offensive  power  to  exploit 
the  effects  of  modern  weapons.  And  secondly, 
there  will  be  times  when  they  must  be 
shifted  quickly  out  of  potential  target  areas. 

All  of  this  means  that  our  soldiers  must 
be  ready  at  all  times  to  load  up  and  move 
out  on  any  and  all  means  of  transport-- 
armored  carriers,  trucks,  airplanes,  and 
helicopters*  They  must  be  able  to  unload 
rer4v  to  fight,  or  possibly  already  fighting. 
This  requirement  for  loading,  riding,  and 
unloading  from  the  confining  space  of  any 
type  of  transport --ground  or  air- -has  a 
strong  impact  on  our  objectives  in  develop¬ 
ing  all  types  of  individual  weapons  and 
equipment.  Any  of  you  who  have  ever  wit¬ 
nessed  American  soldiers,  under  the  stress 
of  combat,  stumbling  about  with  full  field 
packs  on  their  backs  and  tripping  over  M-l 
rifles  and  BAR'S  while  they  attempt  to  de¬ 
bark  from  the  comparatively  roomy  2  1/2 -ton 
truck,  can  well  imagine  the  confusion  which 
would  exist  at  a  similar  debarkation  from  a 
more  confining  armored  personnel  carrier 
or  helicopter.  This  concept  of  frequently  or 
habitually  transporting  troops  over  the  battle¬ 
field  in  ground  or  air  carriers  makes  it 
imperative  that  we  materially  reduce  the 
weight  and  bulk  of  all  individual  equipment 
and  hand-carried  weapons.  When  the  soldier 
had  plenty  of  unoccupied  space  around  him, 
weight  was  the  most  important  factor  in  this 
type  of  materiel.  But  now  overall  bulk  and 
compactness  have  become  increasingly  im¬ 
portant. 

However,  don't  take  what  has  just  been 
said  to  mean  that  weight  loses  its  impor¬ 
tance.  True  battlefield  mobility  is  not 
achieved  solely  by  putting  wheels  and  tracks 
under  the  troups  or  wings  and  rotor  blades 
over  them.  The  soldier  will  still  be  called 
upon  to  move  and  fight  on  foot,  and  his 
personal  load  mu  tt  be  reduced  to  where  he 
can  expend  more  of  nis  energy  on  the  fighting 
job  and  less  on  merely  packing  around  his 
personal  accoutrements. 

Dispersion  is  another  of  the  employment 
principles  which  have  a  decided  impact  on 
our  materiel  development  objectives.  A  bat¬ 
tlefield  of  wide  frontages  and  great  depth 
with  many  unoccupied  gaps  and  pockets 
means  that  even  greater  effort  must  be  made 
to  develop  materiel  which  is  characterized 
by  simplicity  of  operation  and  ease  of  main¬ 


tenance.  No  longer  can  we  be  assured  that 
there  will  be  fully  equipped  maintenance 
outfits  with  trained  mechanics  and  techni¬ 
cians  and  large  stocks  of  spare  parts  right 
behind  the  combat  units*  prepared  to  keep 
the  fighting  gear  in  operating  condition.  The 
maintenance  support  units  are  going  to  be 
out  of  reach  when  the  going  gets  toughest. 
The  combat  equipment  must  be  simple  and 
rugged,  and  maintenance  when  it  is  needed 
most  will  frequently  be  limited  to  the  im¬ 
mediate  action  and  on-the-spot  first  echelon 
work  that  can  be  performed  by  the  combat 
soldier  on  the  battle  position.  The  equipment 
must  be  rugged  and  without  complex  frills 
and  gadgets  to  start  with.  And  major  re- 
pai  rs  will  probably  have  to  be  accomplished 
by  simply  replacing  the  broken  and  damaged 
part  with  a  new  assemblage  which  can  be 
quickly  snapped*  bolted*  or  screwed  into 
place. 

None  of  these  things  I  have  mentioned  are 
new.  We  have  always  been  striving  for  in¬ 
creased  firepower*  reduction  in  weight  and 
bulk  of  equipment*  simplicity  in  operation* 
and  ease  of  maintenance,  t  ou  can  examine 
the  military  characteristics  for  most- any 
type  of  equipment- -from  a  guided  missile 
to  a  hand  grenade— and  you  will  find  that 
these  are  features  which  we  as  users  have 
always  asked  for.  The  impact  of  our  new 
tactical  concepts  on  these  developmental 
objectives  intensifies  this  need. 

We  have  always  wanted  more  firepower. 
Now  with  wider  frontages  and  unoccupied 
gaps  in  the  battle  position,  we  must  have 
more  effective  weapons. 

Since  Caesar's  legions  stormed  across 
Gaul,  the  soldier's  load  has  been  too  big  and 
heavy.  But  now  that  he  must  be  transported 
in  confining  carriers,  as  well  as  move  faster 
than  ever  before  when  on  foot,  the  load  must 
be  reduced. 

Breakdown  of  equipment  duringtheconduct 
of  a  battle  is  obviously  undesirable.  Without 
close  and  constant  maintenance  support  it 
becomes  intolerable. 

Our  new  tactics  haven't  changed  our  de¬ 
velopmental  objectives.  They  merely  make 
the  attainment  of  these  objectives  more 
Important  than  ever  before,  lifting  them  out 
of  the  category  of  being  desired  and  making 
them  imperative. 

As  in  the  "Old  Army,"  man  is  still  the 
basic  component  part  of  the  "Army  of  the 
Future." 

Men  will  continue  to  lmpla>  .e  our  weapons 
and  other  equipment,  driving,  it  in  carriers 
and  aircraft  to  the  proper  place  of  employ¬ 
ment  in  some  cases,  and  packing  it  on  their 
backs  in  others. 

Men  will  continue  to  operate  the  weapons 
and  equipment,  even  though  some  of  the 
"trigger  fingers"  may  be  replaced  with  a 
push  button  type. 

Above  all*  as  we  rely  more  upon  com* 


22 


plicated  rnech»ni<-*1  and  electronic  equipment, 
we  must  remember  that  men  *111  be  required 
to  keep  it  opeiatlng  on  thi  battlefield. 

Our  new  tactical  concept!  merely  point  up 


more  strongly  than  ever  that  military  mate¬ 
riel  must  be  designed  to  fit  the  capabilities, 
both  physical  and  mental,  of  the  men  who  will 
wear  the  uniform  of  the  United  States  Army. 


VS  ARMY  ARMOR  BOARD  PRESENTATION 
Capt,  John  J.  Sullivan,  Arm  Bd. ,  Ft.  Knox,  Ky. 


In  an  opening  address  delivered  by  Dr. 
Rollcfson  at  the  1956  Human  Factors  En¬ 
gineering  Conference,  he  described  the  aims 
of  your  work  es  three: 

1.  To  Insure  that  the  men  end  machine 
are  competi'.ie. 

2.  To  tnsure  that  there  Is  a  propar 
division  of  work  between  the  men  and  the 
machine. 

3.  To  obtain  optimum  efficiency  end 
capability  of  the  combination  man  and  ma¬ 
chine. 

These  three  alms  can  he  considered  aa 
they  pertain  to  tank  developmen.  end  tanks 
In  extstenc  today.  At  the  Armar  Board  tha 
taste  conducted  usually  apply  in  some  way 
to  elm  number  one;  ere  the  man  and  machine 
compatible?  We  come  up  with  such  things  as 
(quoting  from  recant  tasts):  “the  driver's 
knee  strikes  the  odometer  when  he  applies 
tha  brakes  suddenly":  or,  "when  the  gunner 
tries  to  elevate  manually  he  hits hl»  knuckles 
on  the  (you  name  it)";  or.  "insufficient 
room  is  available  for  e  mechanic  to  perform 
his  tasks."  These  are  example!  of  user 
experience  which  cen  be  used  by  the  tech¬ 
nical  services  to  Improve  equipment  design, 
and  consider  the  Influence  of  the  human  fac¬ 
tor  on  this  equipment. 

The  tank  we  have  end  Its  ability  to  fight 
is  a  combination  of  man,  machine,  and 
training.  It  is  hard  to  draw  the  line  where 
one  stops  end  the  other  takes  over.  They 
are  interwoven.  At  Fort  Knox  the  mission 
of  the  US  Army  Armor  Human  Research 
Unit,  working  under  CONARC  headquarters 
and  George  Washington  University,  Is  todle- 
cover  the  best  way  to  train  our  tankers  on 
the  equio-sent  we  have  today.  They  not  only 
want  to  train  them  to  learn  how  to  use  It 
but  they  want  them  to  retain,  what  they  learn. 
As  a  result  of  their  work  they  come  up  with 
many  suggestions  which  point  to  the  design 
of  materiel  es  being  one  of  the  factors 
contributing  highly  to  the  problem  oftratntng 
our  men  to  use  the  equipment  available. 
Right  now  they  ere  Interested,  among  other 
things.  In  track  maintenance  of  our  tank*. 
How  do  we  teach  a  man  to  maintain  hie 
track?  What  type  of  Inspection  l(  need: 
how  frequent  le  the  Inspection:  what  results 
do  we  get?  Are  we  perhaps  over-maintaining? 
Their  work  Is  directed  closely  to  aim  num¬ 
ber  3 --obtaining  the  optimum  nf  efficiency 
and  capability  in  the  combination  man  and 
machine. 


A  thought  on  atm  number  2,  the  division 
of  work  between  man  and  machina,  la  offered 
with  the  knowledge  that  more  work  by  men 
In  your  field  Is  necessary.  Let’s  look  at  a 
aimpla  tank  fire  control  eyetam,  consisting 
primarily  of  a  coaxially  mounted  telescope. 
The  tank  commander  estimates  the  range 
to  the  target,  gives  a  flra  command  to  tha 
gunner,  end  the  gunner  takes  over.  He  Arte 
hie  first  round;  let's  say  It  la  a  miss.  Than 
be  usee  the  "buret-on-target"  method  of 
adjustment,  the  gunner  moving  the  strike  an 
that  tha  aacond  round  would  ha  more  likely 
to  be  a  hit.  In  this  adjustment  the  gunner  notes 
on  hie  sight  rottcle  the  point  at  which  tha 
tracer  paaeed  tha  target,  and  moves  this 
portion  nf  hie  reticle  to  tho  ta rget  con- 
tor. 

What  we  have  on  our  tanks  today  la  aa 
attempt  to  Increase  the  prol>abUity  of  a  hit 
with  the  Aral  round.  Recall,  In  the  Instance 
mentioned,  we  eatn  we  probably  had  a  hit 
on  the  second  round.  By  studying  the  ability 
of  human  beings  to  estimate  range,  it  has 
been  discoverad  that  there  is  a  certain 
average  error.  If  wo  eliminate  this  error 
wo  increase  our  probability  of  a  Arat  round 
hit  by  eo  much.  For  this  wo  added  a  range¬ 
finder  to  our  tanks.  Thus  on  an  M4t  tank, 
the  renge-Ander,  periscope,  gun,  and  com¬ 
puter  are  connected  together  by  mechanical 
linkages.  Our  tank  commander  usee  the 
range-finder  to  range  on  the  target:  auto¬ 
matically  range  data  are  fed  into  the  com¬ 
puter,  which  considers  the  ammunition  end 
moves  the  perlecopa  line  of  eight  by  the 
proper  amount  of  superelevation  (the  eleva¬ 
tion  required  to  reach  tha  round  to  the 
target),  eo  that  ee  the  gunner  lays  his  cross 
on  the  target  tha  gun  ta  elevated  for  that 
range.  We  have  eliminated  the  human  re¬ 
quirement  to  e it* mate  range  end  substituted 
the  human  raquiramant  to  use  tha  range- 
Ander. 

However,  experience  has  shown  that  soma 
of  the  men  In  our  tank  crews  cant  use  tha 
stereoscopic  tango  Ander;  for  those  who 
cen,  the  problem  of  training  end  maintaining 
a  proper  level  of  proflcieacy  Is  a  major 
one.  Today,  devolopmaat  le  therefore  pointed 
to  o  full-Aeld,  euperlmpoeed,  coincidence 
typo  of  range  Ander;  and  It  le  expected  that 
such  equipment  will  better  At  the  men. 

To  get  a  still  higher  theoretical  probabil¬ 
ity  of  a  Aret  round  hit.  It  was  found  necessary 
to  Include  such  Item*  as  drIA  correctors. 


cant  correctors,  and  so  forth.  In  fact,  there 
la  presently  under  development  an  electronic 
computer  which  haa  the  capability  of  cor¬ 
recting  for  such  additional  factors  as  wind, 
gun  droop,  vertl*.  al  and  horizontal  jump,  and 
geometrical  parallax.  It  must  be  admitted  that 
if  we  are  to  get  a  high  probability  of  first 
round  hit,  this  may  be  the  only  way  to  uo  it: 
to  reduce  our  known  errors,  some  of  which 
are  human.  But,  the  question  is  raised:  by 
aiding  all  this  gadgetry,  what  have  we  done 
to  the  human  being  in  that  tank  who  is  trying 
to  use  all  of  this.  Today,  when  a  soldier  en¬ 
ters  a  tank,  tits  first  reaction  la  one  uf 
amazement  at  the  amount  and  complexity 
r *  the  equipment.  The  transmission  of  data 
ts  done  electrically  in  some  tanks,  requiring 
all  sorts  of  electronic  units:  In  some  tanks, 
cant  correctors  must  be  leveled  by  hand; 
other  cant  correctors  now  com'ng  out  trill 
ha  automatic. 

Don't  misunderstand.  The  Armor  Board 
Is  not  against  automation.  If  we  could  push 
a  button  and  thereby  destroy  an  ensmy  tank 
ws  would  be  all  for  it.  However,  there  is 
evidence  that  our  soldiers  today  are  not  usi.  a 
this  costly  equipment  properly,  and,  in  some 
cases,  not  at  all.  Is  it  the  men?  The  equip¬ 
ment?  The  trainin'!?  Studies  such  as  yours 
should  assist  In  pointing  to  areas  most  in 
need  of  improvement. 

Some  refinements  added  In  an  attempt  to 
satisfy  user  requirements  may  introduce 
additional  errors.  One  example  of  tliia  is  in 
fire  control  linkages-  It  has  been  found  that 
temperature  changes,  caused  even  by  the 
craw  turning  on  the  heater  in  the  tank,  are 
enough  to  move  the  line  of  sight  of  the 
periscope.  As  a  result  a  temperature  com¬ 
pensated  linkage  has  been  developed.  Also, 
in  the  l?0-mm  gun,  under  certain  firing  con¬ 
ditions  the  obscuration  of  the  target  (the 
Inability  to  observe  the  tracer  due  to  smoke, 
dust,  or  blast)  prevents  application  of  burst- 
on-target  adjustment.  This.  In  effect,  makes 
sach  round  a  first  round.  If  yon  have  fired 
a  carblna  you  racall  that  at  one  time  there 
were  two  range  settings  on  the  reer  right. 
Some  firing  courses  required  firlnj  at  Utrre 
different  ranges.  In  order  to  hit  the  hullaeye 
the  individual  had  to  adjust  his  sigh!  picture; 
he  either  took  a  little  black  or  aliowad  a 
little  white.  He  wa*  ad  jutting  to  fit  the  firing 
characteristic*  of  his  gun  and  fire  control 
aystem.  On  tanks,  gunner*  can  do  tbs  tarn*. 
Thsy  can  adjuat  to  such  things  as  ths  AP 
bitting  low  and  right  and  ths  HE  going  Mgb 
and  to  tha  Isft.  Ths  gunnsr  knows  ths  first 
round  of  ths  dsy  is  going  to  be  s  wild  ons, 
so  gets  It  off  quickly  and  out  of  the  way. 
But  when  we  add  our  raflnamants  w*  have 
eliminated  much  of  the  human  alament  and 
we  have  also  dacraasad  ths  capability  of  ths 
human  being  to  Influence  the  projectile 
strike.  In  the  simple  system,  If  the  gun 
were  hitting  a  little  low,  the  gunner  would 


aim  a  little  high.  Today,  with  toe  manyitems 
utilising  in  the  fire  control  system  to  place 
the  shot  into  ths  target,  and  with  possible 
variations  In  tht  information  fad  by  that* 
Hams,  ths  gun  might  conceivably  firs  low 
now  and  high  on*  hour  later.  The  human 
element  being  reduced.  hit  ability  to  correct 
Is  also  reduced. 

Before  leaving  th#  subject  of  fire  control, 
a  single  simple  example  of  how  near  ex¬ 
perience  influences  the  design  of  equipment 
should  be  cited.  The  coaxial  telescope  over 
the  year*  hat  bad  on*  major  drawback.  Th* 
•yeplac*  move*  vertically  with  elevation  and 
depre.^ion  of  th*  main  armament,  forcing 
the  gunner  to  crouch  way  down  in  bit  seat 
at  max  mum  elevation  and  atratch  or  actually 
raise  himself  off  th*  seat*!  full  depression-- 
and  the  arc  of  travel  kept  getting  longer  aa 
guns  get  bigger.  Th*  solution  to  thia problem 
was  quit*  simple.  The  telescope  wa*  ar¬ 
ticulated  so  that  targe  movement*  of  the 
forepart  el  th*  talaacopo  tub*  produced  only 
a  smalt  movement  of  th*  oyoploc*.  Th* 
Tl?t  telescope  mounted  in  the  Tilll 
tank  U  of  title  typo.  Other  developmental 
tank*  will  bav*  similar  coaxial  Ml*- 
sc  ope  * . 

In  th*  case  of  the  general  purpose  wheeled 
vehicles  considerable  progress  ha*  been 
made  In  a  general  way  In  th*  matter*  of 
instrument  design  and  location  for  oaay 
reading,  lessening  th*  number  of  Instrument* 
which  need  be  road,  etc.,  and  In  th*  Im¬ 
proved  design  and  location  of  controls.  Th* 
greatest  problem  however,  yet  confront*  ua. 
That  problem  concerns  th*  rid*  quality  for 
the  operator,  and  Ita  moat  difficult  aapaet 
concerns  the  vibration  to  srhich  th*  operator 
I*  subjected.  Such  vtbration  can  be  detri¬ 
mental  to  health,  IS  obviously  fatiguing,  and 
impair*  ssftty  by  making  machine  control 
more  difficult.  At  tha  present  time  w*  find 
in  many  types  of  off-road  operat'ons  that 
ths  top  limit  to  speed  of  movement  Is  not 
dictated  by  ths  capabilities  nor  ruggsdnas* 
of  th*  machine,  but  rather  by  th*  abut* 
to  which  the  driver  I*  subject  by  vibration 
with  its  attendant  lost  of  machine  control 
by  thr  operator. 

Th*  Armor  Board  la  currentlytastingsua- 

rina  ion  type  seats  for  us*  la  wheeled  vehic  lee . 

or  certain  applications  the  seat*  appear 
promising,  but  th*  use  of  such  scats  creates 
a  new  problem:  ths  perfect  suspension  seat 
would  completely  laolat*  th*  operator  from 
hit  machine;  th*  operator  would  travol  In 
pur*,  uniform,  ono-diractional  translation 
■uhjactad  to  no  lateral  or  elevating  dis¬ 
placements  whatsoever,  regardless  of  what 
vibrational  gymnastics  th*  vehicle  might 
be  undergoing  at  the  Mm*.  Such  a  east 
would  unquestionably  eliminate  those  phy¬ 
siological  Impairment*  or  injuries  which 
sr*  caused  by  vibraHon,  but  th*  problem 
of  control  would  *HII  remain  if  tbs  controls 
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•*ttt  rigidly  fastened  to  the  "bucking  bronco” 
vehicle. 

The  Armor  Boa-d  suggests  that  the  entire 
operator's  station,  to  include  both  seat  and 
controls,  must  be  isolated  from  the  vibra¬ 
tion  of  the  vehicle  if  the  ideal  is  to  be 
achieved.  An  alternative  of  course  would 
he  the  design  of  a  vehicular  suspension  sys¬ 
tem  so  effective  that  tht  driver,  his  con¬ 
trols,  and  the  vehicle  itself,  less  its  running 
gear,  would  travel  in  pure  vibration-free 
translation.  This  is  not  believed  to  be  a 
proper  and  realistic  goal  because  of  the 
problems  of  mechanical  complexity  which 
would  aris*.  Much  of  the  complexity  and 
weight  of  today's  trucks  is  caused  by  the 
necessity  for  a  suspension  system,  which  in 
turn  makes  necessary  the  use  of  an  articulat¬ 
ing  power  train  reptete  with  universal  joints, 
extensible  shafts,  etc.,  all  in  great  numbers. 

There  appears  to  be  one  other  relatively 
unexplored  approach  to  the  problem.  That 


i*  the  position  which  the  operator  is  required 
to  assume  in  his  vehicle.  At  the  present  time 
we  "plunk**  Mm  in  his  vehicle  on  the  end 
of  his  tail  bone  and  in  such  a  way  that  he 
is  denied  any  good  opportunity  to  cushion 
shock  by  use  ot  his  own  bones,  muscles,  and 
joints.  It  Is  as  though  we  eliminated  the 
stirrups  from  the  saddle  so  that  the  cavalry 
trooper  could  not  post  at  the  trot.  Possibly 
we  should  seat  the  truck  driver  as  though 
he  wert  operating  a  motorcycle  and  permit 
him  to  tak*  better  advantage  of  his 
God-given  thock  absorbing  character¬ 
istics. 

The  Armor  Board  considers  human  en¬ 
gineering  as  a  fertile  field  and  its  applica¬ 
tions  in  the  development  of  combat  vehicles 
to  be  of  prime  importance,  and  re -empha¬ 
sises  its  comment  of  last  year,  "Human 
factors  must  be  taken  tnto  account  from 
the  beginning  of  the  earliest  design 
phase' sT" 


THE  INFLUENCE  OF  USER  EXPERIENCE  CONCERNING  HUMAN  FACTORS  ON 

EQUIPMENT  DESIGN 
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Th*  United  State.  Army  Aviation  Board 
ha.  the  mte.lon  of  conducting  ii.er  teate  on 
Army  aircraft  and  allied  equipment.  In  con¬ 
ducting  the.e  teat.  Initial  Army  uaer  expe  ■ 
rlence  Is  obtained,  and  deficiencies  found 
are  reported  for  corrective  action  through 
the  reeearch  and  development  agencies.  We 
,  can  consider  the  Army  Aviation  Board  aa 
the  primary  feed-back  circuit  to  the  re¬ 
search  and  development  system  for  Army 
aircraft.  Influence  of  these  tests  ie  exerted 
through  the  medium  of  military  characteris¬ 
tics,  tesl  reports  and  unsatisfactory  equip¬ 
ment  reports. 

Although  w~  tsnd  to  associate  user  testing 
with  the  test  of  a  major  Item  of  equipment, 
much  of  the  Aviation  Board's  testing  Is 
concerned  •vlth  component  testing  oriented 
directly  at  the  human  factors  aspects  of  the 
design.  Much  of  the  testing  hat  the  single 
purpose  of  determining  how  end  to  whet 
extent  the  Item  matches  the  physical  capa¬ 
bilities  of  the  aviator  who  It  to  be  the  user. 
(  am  In  no  position  to  provide  a  complete 
analysts  of  the  Influence  of  Hoard  projects 
on  human  factors  engineering,  but  I  shall 
attempt  to  present  pertinent  Ideal  and  con¬ 
siderations  In  the  application  of  such  en¬ 
gineering  as  regards  the  design  and  testing 
uf  Army  atreraf'  and  allied  equipment, 

Altnough  man  may  be  considered  a  vari¬ 
able  In  many  respects,  he  te  not,  In  general, 
as  adaptable  to  broed  physical  changes  as 
te  the  design  of  a  machine.  Therefore,  when 
t  speak  uf  human  factnra  engineering  In 
this  paper;  I  mean,  caaentially,  the  cnglnetr- 
tng  required  or  appropriate  tofit  the  machine 


to  the  capabllttiee  and  limitations  of  the 
man  rather  than  fitting  the  man  to  the  machine. 

User  experience  has  exerted  an  Influence 
on  what  we  nr  w  refer  to  as  human  factors 
engineering  since  the  dawn  of  civilization. 
Numerous  examples  may  b«  found  In  every 
period.  Today  many  of  these  Influences  have 
evolved  Into  what  ar.  now  accepted  aa 
marely  common  aanae  or  practical  design 
practices.  For  Instance,  today  we  would 
probably  not  even  consider  Incorporating 
muscle  loading  features  tnto  a  new  Army 
rtfle.  A  vast  array  of  user  experience  haa 
taught  ua  the  many  undesirable  human  fac¬ 
tors  characteristics  Inherent  In  the  muzzle 
loader.  We  have  the  user  on  one  hand, 
constantly  searching  for  an  Item  which  will 
perform  more  efficiently,  yet  require  lest 
training  of  fewer  operating  and  maintenance 
personnel.  On  the  other  we  have  the  designer 
who  Is  constantly  striving  to  fulfill  the  user's 
demands.  Since  each  of  these  requirements 
le  a  direct  reflection  of  human  factors  en¬ 
gineering,  It  is  not  difficult  to  tee  that  every 
item  being  designed  today  will  evolve  at  a 
result  nf  tome  human  factors  as  Influenced 
by  the  user. 

As  an  example,  consider  a  relatively  new 
Itrm  requirement  of  jet  airplanes.  Runway 
length  raqulremente  for  landing  purposes  arc 
affected  to  a  large  extent  by  landing  speed. 
With  the  highly  wing  loaded  airplanes  of  today 
a  landing  speed  differential  of  five  knot* 
can  make  a  considerable  difference  In  landing 
“Roll  out."  Tharefore,  tha  lowest  safe  speed 
for  landing  should  normally  be  used.  However, 
the  high  rate  of  fuel  consumption  of  the 
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modern  jet  airplane  can  change  this  safe 
speed  by  as  mr.ch  as  10-40  knots  between 
the  conditions  of  full  feet  load  and  low  fuel 
load.  The  pilot  is  required  to  note  his  fuel 
status  and  mentally  compute  what  his  ap¬ 
proach  and  landing  speed  should  be.  Now  if 
for  any  reason  the  pilot  is  unable  tn  land 
and  has  to  go  around  for  a  second  attempt, 
the  high  fuel  consumption  may  lead  tc  a 
different  approach  speed  being  required  for 
his  next  approach.  Furthermore,  this  addi¬ 
tional  mental  stress  is  occurring  at  a  critical 
period  of  the  flight  when  many  other  opera¬ 
tions,  such  as  activation  of  landing  gear, 
speed  brakes,  flaps,  power  adjustments,  etc., 
must  he  remembered  in  a  designated  se¬ 
quence  and  within  a  very  short  period  of 
time.  To  relieve  the  pilot  af  this  additional 
mental  manipulation  during  a  critical  period, 
an  angle  of  attack  indicator  has  been  Installed 
on  some  of  tfct  new  airplanes.  When  used 
properly  this  item  deletes  the  requirement 
to  remember  and  compute  approach  speeds. 

What  are  the  criteria  by  which  we  judge 
or  rate  human  factors  engineering  considera¬ 
tions?  Recently  1  heard  stated  eight  specific 
objectives  in  the  design  of  man-machine  sys¬ 
tems.  These  were: 

1.  Speed  and/or  quantity  output, 

2.  Quality  of  output. 

3.  Reliability  anu  maintainability. 

4.  Minimum  personnel  sub-system  de¬ 
mands. 

5.  Performance  under  strese. 

6.  Safety  and  Habitability. 

?.  User  acceptance. 

*.  Adaptability  to  future  improvement!. 

These  are  in  fact  the  pay-off  criteria  in 
daslgn.  They  tend  also  to  describe  the 
varioue  subsections  of  our  military  charac¬ 
teristics. 

User  tests  are  conducted  by  the  USCON  ARC 

Boards  for  the  purpose  of  determining  the 
adequacy  and  suitability  of  the  item  when 
operated  under  field  conditions  and  as  re¬ 
flected  in  the  military  characteristic*.  From 
this  we  might  infer  that  user  testing  is  di¬ 
rected  toward  determination  ot  the  adequacy 
and  suitability  of  the  human  engineering 
practices  involved,  and  to  a  large  extent 
this  is  true.  Any  user  test  that  does  not 
include  consideration  of  compatibility  be¬ 
tween  the  operator  and  the  machine  may  be 
considered  incomplete  and  invalid.  However 
the  degree  of  success  achieved  by  human  en¬ 
gineering  must  be  evaluated  not  only  Interns* 
of  such  direct  measures  of  man-machine 
performance  as  efficiency,  operability  and 
reliability,  but  also  by  reference  to:  the 
training  and  man-power  requirements  im¬ 
posed  by  new  equipment;  the  possibility  of 
providing  adequate  safety  and  habitability; 
and  the  feasibility  of  supporting  and  main¬ 
taining  such  equipment  In  the  f'eld. 

Deficiencies  in  design  caused  by  either 
failure  to  consider  the  man  and/or  failure 

26 


to  consider  the  environment  in  which  the 
system  will  operate  can  be  and  usually  are 
discovered  during  user  test.  Correction  of 
these  deficiencies  at  so  tit*  a  stage  In  the 
development  cycle  costly,  time  consuming, 
and  often  results  tn  Interaction  with  other 
design  features,  thus  setting  off  a  form  of 
chain  reaction.  The  primary  effect  i*  usually 
first  noticed  in  a  new  or  replacement  type  of 
equipment  of  similar  design.  The  Aviation 
Board  contribute*  to  this  effect  by  including 
those  desirable  characteristics  of  human 
engineering  nature  la  new  military  charac¬ 
teristics  as  they  are  prepared.  These  char¬ 
acteristics,  however,  are  subject  to  various 
interpretations  throughout  the  development 
cycle  and  require  close  coordination  of  user 
agencies  with  all  development  agencies  con¬ 
cerned.  This  (s  necessary  to  provide  for  tho 
correct  interpretation  of  the  military  charac¬ 
teristics  and  tu  insure  that  leesona  learned 
previously  do  not  go  unheeded.  As  the  de¬ 
velopment  Item  goes  through  the  mockup 
and  prototype  stages,  user  personnel  must 
stay  alert  to  point  out  those  feature*  which 
will  adversely  affect  the  system  whan  oper¬ 
ated  under  field  condition*.  The  fact  must 
be  kept  constantly  lu  mind,  that  the  equip¬ 
ment  must  be  designed  for  operation  under 
field  conditions  where  thr  operating  environ¬ 
ment  is  somewhat  ies*  than  ideal  and  op¬ 
portunity  Cot  input  of  human  error  increases 
rapidly  with  complexity  ard  stress  level 
Imposed  by  conditions. 

As  an  example,  In  the  field  of  aircraft 
controls  there  are  at  least  six  type*  of 
error  which  have  a  high  rate  of  occurrence, 
and  each  i*  affected  by  environment  and 
statu*  of  operation.  These  error*  are:  sub¬ 
stituting  on*  control  for  another;  adjusting 
the  control  improperly:  forgetting  to  activate 
the  control;  moving  the  control  in  the  wrong 
direction;  unintentionally  activating  the  con¬ 
trol;  and  not  being  able  to  reach  the  control. 
These  errors  have  been  known  for  some  time 
and  much  ha*  already  been  accomplished  to 
alleviate  thee*  error-source*  by  standard 
color  and  shape  coding,  specifying  standard 
sixes  and  location  of  the  controls,  and 
specifying  a  standard  direction  of  move¬ 
ment  of  the  control.  These  specifications 
and  standards  are  kept  up  to  date  by  a  joint 
Army,  Navy,  Air  Force  panel,  and  much 
prog'es*  can  be  noticed  In  the  newer  air¬ 
craft  with  regard  to  compliance  with  the 
standards.  The  user,  however,  must  remain 
alert  to  the  possibility  of  error  sources 
overlooked  during  development. 

A*  *  further  siu.np!*,  w*  can  look  at  tho 
problem  of  aircraft  Instrument*.  At  present 
*  slrablc  portion  of  tho  Board**  effort  U 
directed  toward  th*  test  and  determination 
of  the  most  suitable  available  Instrument 
presentation  and  display.  In  the  paat,  four 
types  of  instrument  design  have  been  found 
to  contribute  to  the  largest  percentage  of 


errors.  The**  Include:  multi- re  volution  In¬ 
struments,  in  -vhic.t  the  primary  indicator 
makes  more  than  one  revolution  of  the  dial; 
two  or  mo'e  pointers  on  the  same  instru¬ 
ment;  certain  designs  which  aggravate  the 
possibility  of  reversal  of  reading;  and  instru¬ 
ments  requiring  the  viewer  to  exercise  a 
memory  function.  We  would,  of  course,  like 
to  have  a  system  that  JH  not  require  memory, 
transition  of  thought,  or  interpretation,  thus 
deleting  the  sources  of  error.  In  the  absence 
of  such  »  system  at  present,  we  are  consider¬ 
ing  instruments  which  operate  in  a  "natural" 
manner,  so  as  to  minimize  transition  and 
interpretation  and  thereby  rei'uce  the  de¬ 
mands  on  the  pilot. 

In  order  to  consider  the  influence  uf 
user  experience  as  it  concerns  the  Army 
Aviation  Board,  let's  take  a  closer  look  at 
the  mariner  in  which  the  user  evaluates  and 
influences  human  factors  in  equipment  de¬ 
sign. 

When  an  item  is  received  for  teat,  It  la 
examined  and  checked  In  detail,  and  a  short 
pertod  is  spent  becoming  familiar  with  the 
operating  procedures  and  gaining  proficiency 
in  the  use  of  the  equipment.  Invariably 
deficient  design  features  are  discovered  even 
at  this  early  stage  and,  if  of  a  major  nature, 
immediately  "fedbaek"  into  the  development 
system  Lv  means  of  the  unsatisfactory  equip  • 
ment  report  and/or  consultation  with  the 
manufacturer.  At  the  end  of  this  period, 
when  the  project  officer  it  thoroughly  famil¬ 
iar  with  the  item,  the  actual  field  testing 
is  started.  Flight  testa  are  conducted  under 
day,  night,  and  instrument  conditions  to 
determine  the  performance  quality,  reita- 
WHty,  maintainability,  safety  and  habitability. 
Consideration  la  given  to  growth  potential 
if  applicable.  If  the  Item  tested  Is  an  air¬ 
craft,  I*  will  be  operated  from  the  areas 
and  under  the  various  load  and  weight  con¬ 
dition!  expected  under  actual  operating  con¬ 
ditions.  Long  hones  in  the  »ie  may  indicate 
that  a  pilot  fatigue  problem  exists.  This 
could  be  the  result  of  poor  seat  design, 
instrument  a>  rangement,  cockpit  lighting, 
control  locations  or  any  combination  of 
these  or  other  things.  Recent  tests  coruueted 
on  one  helicopter  design  showed  that  the 
pilot's  and  copilot's  seat  design  in  this 
aircraft  was  unsatisfactory  for  one  par¬ 
ticular  regime  of  flight;  the  location  of  the 
control  aticks  prevent  the  pilot  from  taking 
advantage  of  the  support  provided  by  the  seat 
back  while  he  is  manipulating  the  controls, 
A  change  has  been  recommendtd  to  correct 
this  situation.  At  timet  the  standard  In¬ 
strument  or  control  arrangement  may  require 
changes  in  order  to  meet  all  the  operating 
conditions.  Thus  the  ideal  deeign  may  have 
to  be  compromised.  At  a  rasuit  of  testing 
under  the  operating  conditions  expected  for 
the  aircraft,  such  condition  was  found  to 
exist  with  this  same  reticopter.  Location  of 


the  flight  and  engine  instrument!  appeared 
satisfactory  when  operating  from  large  open 
areas  with  external  loads.  However,  when  tak¬ 
ing  the  tame  load  out  of  a  confined  area  and 
over  obstacles,  the  division  of  attention 
between  outside  the  cockpit  and  the  engine 
Instruments  Inside  the  cockpit  was  too  de¬ 
manding  on  the  pilot  to  allow  safe  efficient 
operations.  Accordingly  a  completely  new 
arrangement  of  Instruments  has  been  rec¬ 
ommended.  In  another  case  pilots  found 
that  after  several  hours  of  flying  at  night, 
excessive  eye  strain  was  encountered  and 
the  instruments  appeared  to  blur  and  dis¬ 
place,  creating  vertigo  or  disorientation  of 
the  pilot.  The  primary  cause  of  this  phe¬ 
nomenon  waa  traced  to  the  cockpit  and 
Instrument  lighting.  The  results  of  this  test 
brought  about  a  satisfactory  lighting  system 
in  future  models. 

Another  phase  of  test  is  designated  the 
transition  training  phase,  and  is  conducted 
for  both  aviators  and  mechanlcatodetermtne 
the  relative  complexity  of  the  item  when 
considered  in  conjunction  with  the  human 
element.  Other  aspects  of  a  human  engi¬ 
neering  nature  are  considered  to  determine 
what  level  of  training  the  man  will  require 
to  more  efficiently  operate  the  overall  sys¬ 
tem.  Throughout  all  phases  of  these  and 
other  testa,  the  maintainability  and  relia¬ 
bility  of  the  system  is  subjected  to  repeated 
review  and  testing.  In  order  to  adequately 
cover  each  of  the  eight  objectives  delineated 
earlier,  approximately  300  flight  teat  hours 
are  accumulated  on  the  equipment,  in  addi¬ 
tion,  maintenance  time  of  from  1  to  12  hour* 
per  flight  hour  is  required,  depending  upon 
the  Individual  design  and  to  what  extent  human 
engineering  factors  have  been  considered  by 
the  designer. 

No  immediate  or  apparent  results  are 
noticed  in  most  cases.  However,  the  Influence 
is  felt  in  the  education  and  thinking  of  re- 
saarch  and  development  personnel,  and  even¬ 
tually  brings  about  a  chtnge  in  the  unsatis¬ 
factory  feature.  Through  the  years  certain 
items  or  design  features  have  been  deter¬ 
mined  to  be  desirable  and  others  to  be 
undesirable.  For  Instance  one  airplene  pro¬ 
cured  fur  the  Army  was  provided  with  the 
pitot'*  seat  adjustable  fore  and  aft  but 
sliding  on  an  inclined  plane.  As  the  seat 
moves  forward  It  also  rises.  On  the  surface 
this  appeared  to  be  a  good  feature.  In  actual 
use  it  became  apparent  that  the  design  was 
undesirable.  The  ebort  aviator  found  himeelf 
tn  an  unnatural  and  uncomfortable  pueltion 
which  made  It  difficult  to  use  the  rudder 
pedal*  without  activating  the  brakes.  A*  a 
result  cf  this,  two-way  adjustable  seat* 
are  now  specified  in  most  of  the  newer 
military  characteristic*  for  aircraft. 

Airborne  communication  equipment  hae 
been  changed  considerably  also  ae  a  result 
of  user  experience.  Three  or  four  year* 
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ago,  all  Army  airplane*  were  equipped  with 
separate  headiets  and  microphone* .  Through 
u*cr  test  it  was  determined  that  safer  and 
more  efficient  operation  was  Stained  when 
the  microphone  button  was  ideated  on  the 
throttle  or  control  stick  and  used  in  con¬ 
junction  with  a  combination  headret  and 
microphone.  This  leaves  the  pilot's  hands 
free  to  handle  the  controls.  This  wa*  rec¬ 
ommended  and  at  present  the  headset  with 
microphone  attached  is  becoming  standard 
In  all  Army  aircraft. 

The  most  marked  Indication  of  the  in¬ 
fluence  exerted  by  the  jeer  is  in  the  main¬ 
tenance  field,  however.  Operation  in  the  field 
ha*  Indicated  a  neces  ity  for  rapid  disas¬ 
sembly  and  assembly  for  inspection  and 
repair  services.  Previously  this  meant  many 
hours  of  laborious  disconnecting  and  con¬ 
necting  fittings.  Due  to  requirements  levied 
by  the  user,  quick  disconnects  have  been 
designed  and  are  being  employed  for  every¬ 
thing  from  fuel  and  hydraulic  lines  to  control 
cables.  These  features  are  usually  implied 
in  the  military  characteristic e  snd  specified 
in  type  specifications. 

Another  point  of  emphasis  from  the  users 
viewpoint  is  that  of  giving  due  consideration 
to  "Murphy's  Law."  Paraphrased,  this  law 
states  that  If  an  item  caul  be  aasembled 
or  a  job  can  be  accomplished  in  a  manner 
other  than  correctly,  it  will  be.  This  one 
thing  alone  ie  the  clue  to  many  fatal  aircraft 
accidents. 

There  ie  a  case  on  record  which  indicates 
that  a  pilot  entered  the  traffic  pattern  and  put 
hie  landing  gear  control  In  the  down  position. 
To  his  consternation,  the  landing  gear  failed 
to  extend  and  upon  checking  hi*  instruments 
he  found  that  his  flaps  indicated  down.  By 
experimenting  he  discovered  that  his  flap 
control  actually  controlled  his  landing  post 
tion.  After  determining  the  situation  the  pilot 
extended  his  gear  and  executed  a  safe  end¬ 
ing.  The  mechanic  h»d  to  force  the  connec¬ 
tions,  but  he  had  managed  lo  connect  the 
flap  hydraulic  lines  to  the  gear  and  the  gear 
lines  to  the  flaps.  It  sounds  incongurous  but 
1  can  assure  you  it  did  happen.  We  recom¬ 
mend  that  the  "go,  no-go"  principle  he 
applied  wherever  possible  as  a  direct  result 
of  such  Incidents. 

In  all  Instances  the  safety  aspects  of 
human  engineering  must  be  considered.  It 


was  originally  thmtght  that  a  helicopter 
pilot  would  have  his  hands  too  busy  to  acti¬ 
vate  an  emergency  external  load  release 
manually.  Therefore  in  initial  designs,  the 
release  was  placed  'on  the  cockpit  floor 
where  It  could  be  foot  operated.  Experience 
later  proved  this  reasoning  erroneous.  We 
are  now  including  in  the  new  helicopter 
military  characteristics  *  stipulation  that 
the  emergency  manual  release  be  hand  oper¬ 
ated. 

In  other  respect*  we  have  failed  to  consider 
the  complete  man-machine  system  In  suffi¬ 
cient  detail  to  determine  all  the  necessary 
features  prior  to  teet.  Apparently  not  much 
thought  was  given  to  the  static  electrical 
potential  of  a  helicopter  as  long  a*  It  waa 
in  the  air.  It  was  only  by  user  experience 
that  we  found  a  problem  dose  exist.  When 
picking  up  external  load*,  a  ground  crewman 
Is  presently  required  to  manually  prepare 
and  hook  up  the  load.  In  doing  so  he  estab¬ 
lishes  a  ground  contact.  Sufficient  electrical 
potential  to  knock  this  man  down  has  been 
encountered  In  several  Instances.  A  solution 
f«.»r  this  problem  Is  presently  being  inves  - 
tig xfrd  and  If  successful,  will  be  retrofitted  to 
existing  helicopters  and  Included  on  all  new 
ones  procured. 

1  think  you  can  see  that  in  considering 
the  pilot  as  merely  the  control  in  the  man- 
machine  system,  everything  possible  must  be 
done  to  provide  this  control  with  accurate 
data,  simply  displayed  without  need  for  in¬ 
terpretation,  if  efficient  operations  are  to 
be  accomplished.  If  through  lack  of  consid¬ 
eration  of  the  human  element  the  control  le 
over-loaded,  receives  erroneous  Informa¬ 
tion,  or  Is  unable  to  activate  the  necessary 
sub-systems,  the  entire  system  fails  either 
wholly  or  in  part  In  Its  capability  to  perform 
the  mission. 

In  summary  let  me  emphasise  the  point  that 
user  testing  by  the  VJS.  Army  Aviation  Board 
can  be  considered  to  a  large  extent  a  teet  of 
the  degree  of  human  engines  ring  designed  In¬ 
to  the  equipment.  Thus,  the  military  char¬ 
acteristics,  many  of  the  unsatisfactory 
equipment  reports,  and  the  recommendation* 
provided  to  HQ  US  CONAHC  by  this  Board 
will  exert  a  high  degree  of  influence  on 
equipment  design  through  user  experience. 
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V.  TECHNICAL  SERVICE  PRESENTATIONS  TO  THE  CONFERENCE 

1.  MANUAL  PERFORMANCE  IN  THE  COLD 

Dr.  E.  Ralph  Duaek,  CUef,  Psychology  Branch, 

Environmental  Protection  Research  Division,  QM  R&E  Center 


A  soldier*#  hands  are  indispensable  for  the 
carrying  oat  of  his  many  military  duties. 
Moreover  in  modern  armies  the  demands 
made  on  the  ha.  ds  have  increased  tremen¬ 
dously  as  a  result  of  increased  complexity 
of  equipment,  as  well  as  a  result  of  the 
greater  range  of  environments  in  which 
armies  must  be  prepared  to  fight.  To  meet 
these  increased  demands  particular  atten¬ 
tion  must  be  given  to  the  effects  of  cold 
environments  on  manual  performance. 

Previous  experimenters  and  observers 
have  repeatedly  emphasized  that  exposure 
of  the  hands  to  cold  temperatures  reduces 
the  level  of  manual  performance;  however, 
in  general  the  reports  are  based  on  per¬ 
formance  of  very  complex  unstandardized 
tasks  under  highly  variable  ambient  tem¬ 
perature  conditions.  In  addition,  finger  skin 
temperatures  and  performance  were  never 
recorded  simultaneously  and  related  to  one 
another.  Thus,  reduced  hand  efficiency  may 
or  may  not  be  strongly  related  to  cold  hands. 
To  correct  these  inadequacies,  a  series  of 
studies  have  been  conducted  in  an  attempt 
to  relate  different  performance  factors  or 
dexterities  to  finger  skin  temperatures  and 
to  physical  variables  such  as  ambient  tem¬ 
perature,  windrhtll,  and  handwear  design. 
The  information  derived  from  these  studies 
should  have  practical  value  for  designers 
of  handwear  and  man  sally  operated  equip¬ 
ment. 

An  initial  study  was  conducted  to  evaluate 
the  effects  of  air  temperature,  wlndchill, 
and  physical  exercise  on  body  and  skin 
temperatures  and  on  hand  performance.  A 
total  of  580  soldiers  were  exposed  to  12 
different  conditions  involving  two  temper¬ 
atures  (-15°  and  -35°  F)  combined  with 
five  wind  speeds  (5,  10,  15,  20  and  30 

mph).  Two  control  groups  were  exposed 
to  60°F  with  5  mph  wind  while  dressed  in 
shorts  and  fatigue  uniforms  respectively. 
The  men  in  the  experimental  groups  wore 
the  Army  arctic  uniform.  The  experimental 
procedure  consisted  of  25  minutes  of  cooling 
followed  by  15  trials  on  a  hand  performance 
test,  then  10  minutes  of  sitting  followed  by 
three  minutes  of  running  in  place  (exercise! 
and  five  more  trials  on  the  test,  Groups 
exposed  to  the  lower  temperature  !-35°F) 
took  consistently  longer  to  perform  the 
tasks  than  groups  exposed  to  -15°  F.  Body 


and  digital  akin  temperature  decreased 
systematically  with  increased  wlndchill. 
Furthermore,  performance  tin.e  on  the  man¬ 
ual  task  was  essentially  a  linear  increasing 
function  of  windchill  over  the  range  studied. 
Using  performance  of  the  control  groups  as 
a  reference,  the  approximate  lots  of  per¬ 
formance  for  the  low  and  high  windchill 
groups  (800  and  2200  KgCal/m2/hr)  was 
12  and  32  percent,  respectively. 

Correlations  between  mean  akin  temper¬ 
ature  and  performance  time  were  negligible 
as  were  thoee  between  digital  akin  tem¬ 
perature  and  performance  time.  However, 
the  results  show  that  windchill  has  a  sys¬ 
tematic  effect  on  both  mean  skin  temper¬ 
ature  and  digital  skin  temperature.  The 
relationship  between  these  two  dependent 
variables  and  performance  is  not  clear, 
although  it  appeared  that  neither  was  highly 
related  to  performance. 

Since  the  above  axperiment  did  not  re¬ 
quire  fine  finger  manipulation,  another  study 
was  performed  to  relate  this  aspect  of  man¬ 
ual  performance  to  lowered  skin  and  ambient 
temperatures.  Eighteen  eubjects  served  under 
each  of  four  different  ambient  temperature 
conditions  (35°,  45°,  55°  and  75  °F).  They 
wore  the  Army  wet-cold  uniform  except 
for  having  their  hands  bare.  During  the 
experiment  the  subjects*  hands  cooled  for 
thirty  minutes  following  which  they  per¬ 
formed  on  three  tests  known  to  measure 
at  least  two  different  hand  performance 
factors,  fine  finger  dexterity  and  gross  hand 
dexterity.  Finger  skin  temperatures  were 
recorded  continuously. 

The  results  showed  a  systematic  deteri¬ 
oration  in  performance  on  each  test  as 
ambient  temperature  decreased.  Moreover 
there  was  a  systematic  increase  in  the 
variability  of  the  scores  on  all  tests  as 
ambient  temperature  decreased.  The  amount 
cf  impairment  relative  to  performance  at 
75°  F  varied  among  the  tes.s,  suggesting 
that  the  cold  was  affecting  the  factors  meas¬ 
ured  by  the  testa  in  different  ways.  Thus 
the  greatest  impairment  appeared  on  the 
test  involving  fine  finger  dexterity  and  the 
least  on  the  test  measuring  gross  hand 
dexterity.  For  the  35°  F  condition  the  im¬ 
pairment  w««  approximately  45  ar.d  20  per¬ 
cent,  respectively.  Thus  in  the  first  study 
discussed  the  estimated  loss  in  manual 
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performance  as  a  function  of  v/indchill  is 
conservative  since  the  test  used  was  weighted 
for  gross  hand  dexterity.  A  further  break¬ 
down  of  the  f<ne  finger  dexterity  test  re¬ 
vealed  that  the  tasks  requiring  the  use  of 
both  hands  were  affected  most  and  that  left 
hand  was  affected  more  than  right  hand 
performance. 

In  order  to  evaluate  the  relationship  be¬ 
tween  performance  on  a  test  and  index  finger 
temperature,  correlations  were  calculated 
between  these  measures,  but  none  were 
significant. 

In  both  of  the  previous  studies  manual 
performance  and  finger  skin  temperature 
were  dependent  variables  and  the  correla¬ 
tions  between  these  variables  were  negligible. 
In  a  subsequent  study  another  experimental 
design  was  used  in  an  effort  to  evaluate  the 
relationship  between  these  two  variables 
without  resorting  to  correlational  techniques. 
The  pm  pose  of  this  study  was  to  dstermine 
the  extent  to  which  local  hand  temperature 
affected  performance  when  the  ambient  tem- 
pcratuie  surrounding  the  rest  of  the  body 
was  controlled.  The  design  involved  close 
monitoring  of  finger  temperatures,  and  ad¬ 
ministering  performance  tests  at  certain 
predetermined  temperature  levels.  Sixteen 
soldiers  were  used  in  this  experiment,  which 
was  conducted  under  two  conditions.  One 
condition  involved  working  in  an  ambient 
temperature  of  *15°  F.  The  other  condition 
involved  exposing  the  hands  to  +5°  F  while 
t2i*  test  of  the  body  was  surrounded  by  a 
75°  F  ambient  temperature.  Manual  per¬ 
formance  tests  were  given  immediately  on 
entering  the  controlled  temperature  room 
or  on  placing  the  hands  in  the  cooling  box, 
and  again  when  the  fifth  digit  on  the  left 
hand  resrhed  65°  and  50°  F,  respectively. 

Differences  in  performance  attributable 
to  the  two  conditions  of  cold  exposure  were 
negligible;  however,  lower  performance 
levels  were  associated  with  lower  hand  skin 
temperatures.  Pelative  to  performance  upon 
first  entering  the  cold,  performance  at  a 
skin  temperature  of  65°  **  had  decreased 
by  5  and  9  percent  on  the  two  tests,  and  at 
50°  F  the  respective  decreases  were  27 
and  21  percent.  From  these  results  it  was 
concluded  that  finger  skin  temperature  is 
related  to  manual  performance,  and  that  the 
ambient  tempeiature  surrounding  body  areas 
other  than  the  hands  and  wrists  had  little 
effect. 

In  still  another  study  an  attempt  was  made 
to  determine  whether  impairment  in  per¬ 
formance  on  a  complex  task  in  a  cold  en¬ 
vironment  could  be  prevented  by  maintaining 
the  hand..-  at  normal  temperatures  even  though 
the  rest  of  the  body  was  cooled  to  subnormal 
temperatures*  Twelve  soldiers  dressed  in 


shorts  performed  in  x controlled  temperature 
room  maintained  at  45°  F.  The  experimental 
group  kept  their  hands  in  a  warming  box  with 
a  temperature  between  90°  and  J  00°  F  in 
order  to  keep  the  finger  skin  temperature 
above  80°  F.  The  subject  performed  on  enter¬ 
ing  the  room  and  on  two  subsequent  occasions 
when  the  mean  body  skin  temperature  dropped 
to  82°  F.,  and  to  79°  F.  The  control  group 
placed  their  handr  in  the  box  which  was  at 
the  room  temperature  (45°  F).  Tim  temper¬ 
ature  of  the  fifth  digit  of  the  left  hand  was 
monitored  and  the  tests  were  administered 
when  the  subject  entered  rhe  room,  and 
again  when  fingertip  temperature  dropped 
to  65°  F  and  555  F.  respectively. 

Performance  on  the  two  tests  was  not 
affected  when  the  body  cooled,  but  the  hands 
•vere  kept  warm;  however,  whs**  HetH  Hands 
and  body  were  cooled  simultaneously  per¬ 
formance  dropped  off  as  in  the  previous  ex¬ 
periment.  Thus  maintaining  hand  warmth  by 
applying  heat  locally  appears  to  facilitate 
hand  performance  when  the  individual  ex¬ 
periences  cold  stress. 

Future  research  will  involve  further  study 
of  the  hand  temperature  and  hand  perform¬ 
ance  relationships.  The  next  experiment 
planned  will  study  specifically  the  effects 
of  different  rates  and  degrees  of  hand  re¬ 
warming  on  recovery  of  manual  efficiency, 
This  work  will  have  direct  application  on 
design  of  protective  devices  and  on  training 
in  operational  techniques  to  be  used  in 
arctic  environments. 

The  effect  of  handwear  design  on  manual 
performance  and  skin  temperature  has  been 
evaluated  in  two  human  engineering  studies. 
In  one  study  the  "Chinese  Sleeve,**  a  type 
of  muff  extension  on  the  Parka  sleeve,  was 
found  to  have  superior  thermal  protection 
characteristics  without  impairing  manual 
functioning  any  more  than  the  standard  arctic 
mitlen.  In  the  other  study  which  ir  still  in 
progress  the  number  of  movable  fingers 
availab’e  in  handwrar  wa?:  systematically 
varied.  Preliminary  analysis  indicates  that 
efficiency  of  performance  on  a  number  of 
tests  is  positively  related  to  number  of 
movable  fingers.  Hand  cooling  associated 
with  these  designs  is  currently  be  ing  studied. 

The  combination  of  psychophyniological 
and  human  engineering  research  offers  a 
dual  approach  to  problems  of  environmental 
protection.  The  psyc.h«»phy  si  ©logical  research 
provides  information  ©it  the  capabilities  of 
individuals  under  cold  stress  and  techniques 
for  reducing  the  effect?  of  this  stress. 
Human  engineering  research  attacks  the 
problem  of  loss  of  hand  efficiency  imposed 
by  handwear  design  and  other  protective 
devices.  Both  the  handwear  desigrer  and 
the  design  engineer  may  use  the  knowledge 


of  the  differential  effects  of  cold  on  various 
dexterities  to  advantage.  The  increased  vari¬ 
ability  of  performance  found  with  decreased 
ambient  temperature  suggests  that  individ¬ 


uals  react  differently  to  environmental  stress, 
and  raises  a  further  question  as  to  whether, 
through  selection  procedures  or  training, 
such  variability  could  be  reduced. 


2.  Selected  Significant  Results  of  Recent  Unpublished  Research  Within  the 
Research  and  Development  Division  of  the  Office  of  The  Surgeon  General 

Colonel  Charles  W.  Hill,  MSC 
Chief,  Human  Resources  Research  Branch, 

Research  and  Development  Division,  OTSG 


The  principal  responsibility  of  the  Office 
of  The  Surgeon  General  in  regard  to  Human 
Factors  Engineering  lies  in  the  scientific 
area  of  psychophysiology,  or  physiological 
psychology.  Research  results  are  sought  in 
this  area  which  will  contribute  to  the  de¬ 
velopment  of  new  or  improved  human  en¬ 
gineering  principles  for  application  by  each 
technical  service,  including  ourselves,  to 
the  design  of  its  specific  pieces  of  equip¬ 
ment.  .thus,  the  laboratories  of  The  Surgeon 
General  are  focussing  their  attention  upon 
basic  questions  in  vision,  hearing,  motor 
coordination,  etc.,  in  order  to  identify  and 
quantify  the  performance  characteristics  of 
the  soldier  in  terms  of  his  capabilities  and 
limitations. 

Although  we  accept  this  responsibility  for 
providing  basic  data  on  the  human  body, 
unfortunately  we  have  neither  the  funds  nor 
the  facilities  to  worh  on  all  the  problems 
crying  for  attention  in  this  area.  Selective 
digging  down  into  the  more  fundamental 
levels  .tiust  therefore  be  conducted  by  all 
the  technical  services  whenever  their  human 
engineering  applications  are  impaired  through 
lack  of  knowledge.  Such  a  procedure  should 
insure  steady,  optimal,  overall  progress, 
with  integration  maintained  and  duplication 
controlled  through  tunely  notification  of  needs 
and  intentions  to  The  Surgeon  General  fol¬ 
lowed  by  continuous  mutual  exchange  of 
information. 


With  this  brief  introduction  to  our  general 
situation,  let  me  now  turn  to  the  specific 
topics  which  have  been  selected  on  the  basis 
of  currency  and  interest  for  presentation  to 
you  today.  Two  fairly  discrete  research 
studies  w'.H  be  described  --both  from  the 
Psychology  Department  of  our  Medical  Re¬ 
search  Laboratory  at  Fort  Knox,  Kentucky* 
The  first,  pertaining  to  the  problem  of 
control  and  coordination,  will  be  presented 
by  Dr*  Lee  S.  Caldwell,  Control  Coordination 
Section,  Experimental  Psychology  Depart¬ 
ment,  U.  S*  Army  Medical  Research  Labora¬ 
tory.  Dr.  Caldwell  will  describe  for  you 
his  investigations  of  the  force -space  a  for 
the  more  common  hand  movements,  and 
their  implications  for  the  location  of  hand 
controls.  The  second,  describing  current 
efforts  in  regard  to  nc.se  exposure  and 
hearing  loss,  will  be  presented  by  Captain 
John  L*  Fletcher,  Sound  Section,  Experi¬ 
mental  Psychology  Department,  U.  S.  Army 
Medical  Research  Laboratory.  Captain 
Fletcher  will  discuss  the  ever-growing  seri¬ 
ous  problem  of  environmental  noise,  together 
with  several  related  efforts  directed  at  anal¬ 
ysis  of  noise  and  measurement  of  hearing 
loss.  I  am  sure  that  both  of  these  papers 
will  illustrate  clearly  the  typical  supporting 
relationships  of  psychophysiology  to  human 
engineering  and  give  some  indication  of  what 
contributions  you  may  expect  to  receive  in 
the  next  few  years. 


3.  The  Effect  of  the  Spatial  Position  of  a  Control 
on  the  Strength  of  Six  Linear  Hand  Movements 

Dr.  Lee  S.  Caldwell 

Army  Medical  Research  Laboratory 
Ft.  Knox,  Ky. 


The  present  study  is  the  first  of  s  scries 
of  investigations  to  measure  the  forces  that 
can  be  applied  within  the  work-space  of  the 
hand,  and  from  this  to  determine  the  ••force- 
spaces**  for  the  more  common  hand  move¬ 
ments.  The  specific  object  of  this  first  study 
is  to  isolate  the  spatial  factors  which  in¬ 
fluence  the  force  with  which  6  linear  hand 
movements  can  be  made  along  the  ^  orthogonal 
axes  of  an  isometiic  control. 


Measurements  were  made  of  the  maximum- 
exertable  force  that  could  be  applied  to  a 
dynamometer  handle  by  each  of  6  linear 
hand  movements  (up,  down,  right,  left,  push, 
pull).  The  maximum  strength  of  each  of 
the  6  movements  was  measured  at  5  handle 
distances  (12,  16,  20,  24,  and  28  in.),  4 
angular  elevations  (60,  90,  120,  and  150 
deg.),  and  4  lateral  positions  (1,  30,  60, 
and  90  deg.)  of  the  control. 
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The  result*  (or  each  of  the  six  movements 
were  analyzed  separately  by  an  analysis  of 
variance.  The  results  were  as  follows: 

1.  The  handle  distance  was  the  factor 
which  most  influenced  the  strength  of  the 
movements.  This  source  of  variation  was 
statistically  significant  in  each  analysis. 
The  strength  of  the  Up,  Down,  Left,  and 
Right  movements  progressively  decreased 
with  increasing  handle  distance. 

2.  The  lateral  position  of  the  control 
significantly  affected  the  strength  of  only 


the  Down  and  Rigid  movements.  The  30  deg. 
lateral  position  (30  deg.  to  the  right  of  the 
saggital  plane  of  the  shoulder)  was  best  for 
the  Down  movement.  The  0  deg.  lateral 
position  wa»  best  for  the  Right  movement. 

3.  The  Left  sad  Pull  movement*  were 
most  affected  by  the  angular  elevation  of  the 
handle.  The  60  deg.  elevation  (30  deg.  below 
the  horizontal  plane  of  the  shoulder)  was  best 
for  the  Left  movement,  and  60  deg.  elevations 
were  best  for  the  Pull  movement. 


4.  Noise  Exposure  and  Hearing  Loss:  A  Military  Problem 


John  L.  Fletcher,  Captain,  MSC 
Army  Medical  Research  Laboratory 
Ft.  Knox,  Ky. 


The  noiee  tevet  of  military  work  environ¬ 
ments  increase*  as  more  powerful  engines 
and  weapon*  are  developed.  Thle  has,  with 
little  question,  increased  the  frequency  of 
noise-induced  hearing  loss  in  the  service 
and  hat  resulted  in  considerable  monetary 
compensation. 

The  mission  of  the  Sound  Section,  USAMRL, 
includes  measurement  and  analysis  of  noise 
levels,  and  relating  such  noise  levels  to  the 
probability  of  hearing  loss  in  personnel 
exposed  to  such  noises.  To  facilitate  our 
misr'-m  a  mobile  sound  laboratory  has  bean 
built  to  permit  testing  of  hearing  in  the  field. 

Relating  noise  exposure  of  range  operators 
to  hearing  logs  la  pert  of  our  long  range  pro¬ 
gram.  Pre-expoaure  audiograms  are  made, 


and  subsequent  hearing  loss  is  related  to 
several  variables  such  as  amount  of  ex¬ 
posure,  hearing  conservation  practlcaa, 
family  hiatory,  and  other  relevant  factors. 

Effort  is  being  nude  to  find  a  test  to 
differentiate  those  susceptible  to  noise- 
induced  hearing  loss  from  those  who  are 
not  susceptible.  One  promising  test,  the 
sural  overload  test.  Is  now  being  studied. 
Initial  audiograme  and  aural  overload  thres¬ 
holds  of  106  Reserve  Forces  Act  trainees 
at  Fort  Knox  for  6  months  will  be  compared 
with  termination  audiograms  and  aural  over¬ 
load  thresholds  to  determine  whether  the 
aural  overload  point  is  indicative  of  sub¬ 
sequent  hearing  loss. 


5.  Some  Human  Factors  Engineering  Implications  from  Design  of  Prosthetics 

Colonel  Maurice  I.  Fletcher,  MSC 
Army  Prosthetics  Research  Laboratory 


I  have  read  with  great  interest  past  papers 
and  reporta  on  the  meetings  of  the  Human 
Factors  Engineering  Conference  and,  ol 
course,  am  stimulated  with  the  tantalizing 
possibilities  and  never-ending  problems 
presented. 

U  occurs  to  me  that  the  situation  regard¬ 
ing  the  man-machine  combinations  is  follow¬ 
ing  somewhat  the  pattern  that  has  its  parallel 
in  the  projectile  -  armor  plate  problem, 
namely,  the  armor  la  developed  to  resist  the 
projectile,  and  then  the  projectile  la  developed 
to  penetrate  the  armor,  ad  infinitum. 

In  the  development  of  artificial  limbs,  the 
problem  becomes  more  intimate  and  complex. 
A  part  of  tha  human  body  la  misting,  together 
with  Its  functional  poaaibltitlea,  at  least 
part  of  its  motive  forces,  and  Ita  proprio¬ 
ceptive  aenaea  so  important  In  our  manner 
of  living. 

In  the  derign  and  development  of  the  artifi¬ 
cial  limb,  and  particularly  in  the  upper 
extremity  prosthetic  reetoration  where  a 


wide  range  of  motion  is  neceaaary,  many 
studies  have  been  made  to  provide  aa  much 
function  utilizing  the  remaining  limb  stump 
aa  possible. 

If  n  hand  and  part  of  the  forearm  are 
amputated,  over  25  muscle  groupe  have  been 
destroyed.  To  restore  the  action  of  all  of 
these  groups  would  not  only  be  a  complex 
job,  but  would  be  so  complicated  in  ita 
operation  as  to  frustrate  or  discourage  the 
amputee.  Furthermore,  there  are  not  enough 
remaining  harneestble  eourcee  of  power  to 
effectively  operate  so  many  motions. 

The  prosthetic  designer  Is  faced  with 
many  problems;  the  location  and  use  of  nil 
available  source*  of  power ,  the  most  efficient 
transmittal  of  that  power,  the  use  of  control 
aeparatlon  so  that  on*  source  of  power  can 
be  used  for  several  Operations,  the  stability 
of  the  entire  unit  or  aaits,  and.  If  possible, 
a  kinesthetic  feedback  cue  as  to  position, 
grasp  force,  or  touch. 
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In  the  more  general  human  factor*  engi¬ 
neering  problem  where  the  entire  body  la 
available  for  operation  of  external  devices, 
several  techniques  developed  for  artificial 
limbs  have  possibilities  in  the  modification 
of  the  man  to  operation  of  complex  equip¬ 
ment. 

Most  intriguing  of  the  anatomical  sources 
of*  power  is  the  use  of  muscle  loops,  or 
tunnels,  installed  through  the  surgical  tech¬ 
nique  known  as  cineplasty.  This  operation 
is  performed  by  cutting  skin  over  a  muscle, 
forming  it  into  a  tube  and  re-inserting  this 
tube  through  an  orifice  expanded  in  the 
muscle  body,  and  then  covering  the  exterior 
with  a  skin  graft.  Muscles  »v»;i»hie  on  each 
side  of  the  parasagittal  or  vertical  center 
plane  of  the  body  include  the  pectoralis, 
latissimus,  bleeps,  triceps,  and  the  forearm 
flexor  and  extensor  muscles.  Highest  forces 
and  greatest  excursion  possibilities,  with 
good  force- work  range,  can  be  obtained  from 
the  pectoralis  major  and  biceps  muscles. 

In  the  amputee  the  distal  portion  oi  the 
muscle  tendon  is  detached  to  provide  greater 
excursion.  Such  muscle  loops  in  the  non¬ 
amputee  could  be  of  small  siac  and  used 
only  to  “trigger  off  a  source  of  external 
power  electrically,  pneumatically,  or  hy¬ 
draulically.  Reaction  points  to  the  pul!  of 
the  tunnel  could  be  established  on  the  body, 
and  very  efficient,  silent,  cable  transmission 
systems  are  already  a  part  of  the  prosthetic 
armamentarium. 

In  addition  to  muscle  tunnels  or  slips,  the 
muscle  bulges  themselves  may  be  utilized 
externally  to  provide  servo  motor  controls. 
In  this  respect,  the  reflex  muscle  actions 
of  the  body  might  be  synchronized  with 
respect  to  the  mechanical  response  desired. 
For  example,  when  the  equilibrium  of  the 
body  is  upset  there  is  a  reflex  muscle  re¬ 
sponse  tending  to  right  the  body,  and  the 
tension  in  the  muscles  attendant  to  this 
response  may  be  utilized  externally,  through 
a  sensitive  v„lve  or  micro-switch,  to  produce 
a  parallel  righting  or  correction  of  a  machine. 
Such  a  correlation  of  muscle-machine  move¬ 
ment  would  not  l  •  too  difficult.  This  system 
has  been  used  in  the  control  of  knee  locks 
on  artificial  legs. 

In  the  purely  mechanical  application  of 
man  to  machine  through  external  power,  the 
scapular  and  other  natural  motions  of  the 
body  can  be  harnessed  to  multiple  valves 
or  switches  with  mechanical  over-rlJes,  and 
many  external  remote  controls  can  he  thus 
actuated  with  one  movement. 

Any  of  the  mechanical  motions  can  be 
utilized  with  existent  mechanical  force  multi¬ 
pliers,  to  that  repeated  operation  of  the 
source  of  power  can  be  transmitted  as  in  an 
automobil*  jack  to  obtain  any  ultimate  force 
desired.  This  is,  of  course,  dependent  on 
the  time  factor  required. 


Many  devices  exist,  or  are  being  developed 
within  the  prosthetic  research  pr.^ram, 
which  can  be  utilized  in  the  control  systems 
between  man  and  machine.  These  Include: 
force  multipliers;  locking  devices  for  elbows* 
hands,  and  hooka;  velocity  and  inertial  locks; 
clutches;  separation  of  control  mechanisms; 
anti-backlash  and  front  lashlocking  systems; 
load  controlled  unlocking  mechanisms;  and 
many  other  items  useful  in  adapting  a  machine 
to  the  man. 

A  study  of  the  force  potentials  of  various 
muscles  and  body  motions  discloses  a  vast 
number  of  useful  sources  of  power  for  obtain¬ 
ing  external  motion  or  control.  A  study  of 
the  data  compiled  on  time  and  motion  studies, 
already  available  through  the-Proithetlcs  Re¬ 
search  Board  of  the  National  Research  Coun¬ 
cil,  will,  I  am  sure,  uncover  other  possibilities 
of  increasing  the  work  potential  existent  in 
the  human  body. 

As  to  the  future,  every  possible  lead  is 
being  pursued  to  increase  the  efficiency  of 
the  man-machine  combination  to  necessary 
in  the  restoration  of  a  lost  human  limb.  It  is 
impossible  to  tell  you  in  the  time  allotted  of 
the  hundreds  of  device*  developed  for  pros¬ 
thetic  replacement  of  a  lost  portion  of  the 
human  body  or  of  the  numerous  atudies 
that  have  been,  and  are  now  being  con¬ 
ducted  on  the  subject,  but  1  can  assure 
you  that  such  studies  are  continuing  and 
never  ending. 

I  would  like  to  close  with  a  few  “germe'' 
for  thought  which  are  now  being  explored 
and  which  might  become  a  useful  possibility 
for  application  of  the  man  to  a  particular 
machine  in  the  future.  First,  the  extension 
of  our  myoelectrical  studies,  wherein  elec¬ 
trical  potentials  set  up  by  the  nerves  acti¬ 
vating  the  muscle*  may  provide  a  sense  of 
touch  and  a  source  of  nerve  stimulation  which 
may  be  harnessed  electrically  to  trigger 
external  sources  of  power  correlated  toauch 
tasks  as  are  needed;  Secondly,  through  the 
imbedding  of  secondary  antenna  or  even 
transistor  transmitters  internally,  and  adja¬ 
cent  to  a  nerve  or  nerve  center  to  signal  to 
an  external  receiver  as  usable  impulse. 
Also  studies  of  the  nerve-electrical  system 
adjacent  to  the  spine  may  provide  a  clue 
for  further  development  of  impulse-controlled 
external  utility  motor*  which  are  “mind- 
controlled’’  or  regulated. 

All  of  the  modifications  of  the  human  body 
sketchily  described  above  offer  the  possibil¬ 
ity  of  modifying  the  man  until  the  machine 
can  be  perfected  to  accomplish  the  task, 
and  rhen  until  more  complex  objectives  are 
required  of  the  machine,  at  which  time  the 
man  can  again  be  modified  until  the  ultimate 
of  each  ha*  been  reached  and  man  has 
become  so  complex  that  his  only  vacation 
will  be  a  bottle  of  tranquilizers. 
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6.  System  Evaluation  of  Ordnance  Materiel 


Dr.  John  D.  Weisz,  Director 
Ordnance  Human  Engineering  Laboratory 
Aberdeen  Proving  Ground,  Md. 


The  U.  S.  Army  Ordnance  Human  Engineer¬ 
ing  Laboratory,  Aberdeen  Proving  Ground, 
Maryland,  conducts  three  types  of  research 
activities:  (1)  background  or  fundamental 
research  in  noise,  blast,  optical,  radar, 
and  display  control  relationship  problems 
common  to  a  number  of  weapon  systems; 

(2)  user-opinion  or  problem  survey  studios 
conducted  by  field  liaison  teams  of  military 
engineers  and  psychologists  who  interview 
user  personnel  or  problems  connected  with 
the  operation  of  standard  Ordnance  materiel; 

(3)  systems  evaluations. 

Currently,  fundamental  research  is  con¬ 
tinuing,  and  user-opinion  surveys  have  been 
completed  on  the  M48  Tank,  permanent  NIKE 
installations,  the  HONEST  JOHN  system,  and 
Personnel  Carrier  M59,  the  CORPORAL  sys¬ 
tems,  the  280  mm  camion,  and  the  M76  snd 
M59  vehicles  under  arctic  conditions.  Surveys 
are  now  being  conducted  on  the  Personnel 
Carriers  T113  and  Til  7,  and  the  Atomic 
Warhead  Checkout  Equipment.  This  paper, 
however,  is  devoted  exclusively  to  a  dis¬ 
cussion  of  the  system  evaluation  program. 

Since  the  Laboratory  has  been  doing  sys¬ 
tem  evaluation  research  for  approximately 
2-1/2  years,  methods  have  been  developed 
which  may  be  of  considerable  interest  to 
USCONARC  and  to  the  Technical  Services. 
A  general  method  of  procedure  has  been 
developed  which  is  followed  on  all  systems 
under  study,  with  minor  variations  as  re¬ 
quired. 

The  procedural  phases  are  described  as 
discrete  events,  but  in  reality  they  usually 
overlap  each  other  considerably.  Systems 
currently  under  investigation  are  LACROSSE, 
DART,  HAWK,  TALOS,  VIGILANTE,  RED¬ 
STONE  and  SERGEANT. 

Obviously,  every  attempt  is  made  to  enter 
into  the  design  picture  as  early  as  possible 
so  that  the  maximum  benefit  can  be  realized. 
In  several  instances  the  Laboratory  has  been 
given  the  opportunity  to  review  and  submit 
comments  on  the  military  characteristics  of 
specific  weapon  systems.  In  such  a  situation 
the  Laboratory  can  predict  the  major  human 


factor  problems  and  can  recommend  specific 
design  considerations.  The  military  charac¬ 
teristics  arc  considered  as  the  final  criteria 
and  constitute  the  parameters  within  which 
the  laboratory  will  make  its  ultimate  system 
evaluation.  Project  personnel  must  thus  be¬ 
come  thoroughly  familiar  with  the  military 
characteristics,  as  well  as  the  results  of  any 
design  feasibility  studies  which  may  have  been 
conducted  prior  to  the  initiation  of  any 
development  work. 

Every  attempt  i:.  made  to  assign  several 
personnel  with  training  and  experience  in 
engineering  and  psychology  to  a  system 
evaluational  project  as  soon  as  the  Laboratory 
is  requested  to  enter  into  the  project.  They 
remain  with  the  project  until  it  is  completed. 
Usually  one  person  is  designated  as  the 
project  director,  primarily  for  administra¬ 
tive  and  coordination  purposes. 

A  close  consulting  relationship  is  next 
established  with  the  arsenal  designers  and 
design  engineers  from  the  prime  contractor 
in  order  effectively  to  monitor  the  human 
factors  design  efforts,  and  to  provide  human 
factors  design  data  as  needed  throughout  the 
developmental  phases  of  weapon  system  de¬ 
velopment.  If  such  design  data  are  not  found 
in  the  literature  available  to  the  project  per¬ 
sonnel  in  the  Laboratory  library ,  specific 
field  or  laboratory  research  studies  are 
initiated  to  derive  such  information.  An 
example  of  such  researcr  wou.d  be  th«- 
determination  of  the  optimum  level  of  mag¬ 
nification  to  use  In  an  optical  sighting  system 
for  an  anti-aircraft  system.  Such  a  study 
was  recently  conducted  by  the  Laboratory 
at  Yuma  Test  Station,  Yuma,  Arizona,  and 
the  resulting  data  are  currently  being  utilized 
in  the  design  of  the  item.  This  working  re¬ 
lationship  with  the  prime  contractor  has  to 
be  constantly  maintained  throughout  the  de¬ 
velopmental  phases  to  insure  that  an  optimum 
weapon  system  is  developed.  Research  ef¬ 
forts  are  directed  towards  the  evaluation  of 
design  layouts,  bread-board  concepts,  and 
mock-ups  cf  both  system  components  and 
the  complete  weapon  system  as  it  emerges. 


Every  attempt  is  made  to  visualize  the  use 
of  the  weapon  under  all  types  of  environ¬ 
ments  by  the  typical  user  personnel  for 
which  the  weapon  is  being  designed.  The 
maintenance  requirements  have  to  be  deter¬ 
mined  early  in  the  developmental  phase  in 
terms  of  ease  of  maintenance,  procedures, 
and  the  type  of  test  and  checkout  equipment 
to  be  us*d  in  the  field  once  the  weapon  sys¬ 
tem  becomes  a  standard  item.  In  guided 
missile  systems  currently  under  develop¬ 
ment  considerable  attention  is  being  given 
to  providing  adequate  work  space  in  the 
vans  and  on  associated  equipment.  The  space 
is  evaluated  in  terms  of  traffic  How  patterns, 
the  number  of  operators  involved,  and  the 
proper  layout  r.f  ii.e  equipment  in  order  to 
obtain  ar,  optimum  working  environment. 
Other  facto*.,  considered  are:  the  commu- 
nicaticn  systems  involved,  heating  ami  ven¬ 
tilating  requirements,  interior  color,  and 
lighting  schemes. 

Once  the  design  of  most  components  be¬ 
comes  fixed,  project  personnel  begin  to 
write  detailed  test  operating  procedures 
for  every  crew  member  who  will  operate 
the  weapon  system.  Since  this  task  is  so 
essentia!  10  the  entire  evaluation,  it  has 
to  be  a  joint  effort  of  the  prime  contractor, 
USCONARC,  and  the  Laboratory.  Any  major 
changes  made  in  the  design  of  the  weapon 
at  this  point  will  obviously  result  in  changes 
in  operating  procedures.  Thus,  every  attempt 
is  made  to  write  the  procedures  around 
ihe  latest  modifications  possible.  Since  tac¬ 
tical  considerations  are  very  important 
assistance  is  sought  from  USCONARC  re¬ 
garding  the  weapon’s  ultimate  use  under 
various  terrain  and  environmental  conditions. 
Concurrence  is  obtained  from  all  agencies 
{USCONARC,  the  contractor  and  arsenal 
designers;  on  the  final  vprsion  of  the  operating 
procedures  prior  to  their  use  in  a  field  evalua¬ 
tion  of  the  weapon  system. 

Project  personnel  then  develop,  in  detail, 
the  program  which  will  be  followed  in  the 
field  test  phase.  An  attempt  is  made  to  set 


up  a  valid  test  plan  /hlch  will  allow  the 
Laboratory  to  examine  the  weapon  system 
in  tactical  field  situations  similar  to  those 
in  which  the  item  will  eventually  be  utilized 
by  troops.  This  plan  may  include  both  day- 
anr*.  night-time  condit'cns,  and  operations 
under  environmental  extremes.  The  field 
test  plan  not  only  tries  to  check  likely 
errors,  buf  also  tries  to  determine  tho  time 
requirements  needed  to  emplace  and  check 
out  the  weapon  and  all  of  its  supporting  equip¬ 
ment. 

The  fi«~»d  test  is  then  conducted  as  specified 
in  the  test  plan,  using  as  operators  a  sample 
of  military  personnel  obtained  from  the 
specific  user  population  for  which  the  weapon 
is  being  designed.  The  personnel  are  divided 
into  crews,  and  trained  to  operate  the  actual 
prototype  equipment  to  a  specified  stable 
level  of  proficiency  prior  to  the  test. 

During  the  test  a  team  of  observers  from 
the  Laboratory  records  time  and  error  scores 
for  every  operation  made  by  the  crew  mem¬ 
bers  as  they  emplace  and  check  out  the  weapon 
prior  to  actual  firing.  Motion  pictures  are 
taken  to  be  used  for  later  analysis  and 
evaluation. 

Once  the  data  have  been  gathered  they  are 
analyzed  and  evaluated,  and  a  final  report 
which  includes  redesign  recommendations  of 
deficient  components  is  written.  If  sufficient 
time  is  available,  some  of  the  critical  com¬ 
ponents  may  be  redesigned  in  mock-up  form 
and  evaluated  again  prior  to  submitting 
specific  recommendations  to  the  arsenal  and 
contractor  designers. 

Every  systems  evaluation  project  consti¬ 
tutes  ar»  extensive  research  program  as 
essential  to  the  development  of  a  weapon 
system  as  any  other  design  research  and 
development  effort.  Through  such  a  program 
the  critical  human  factors  areas  can  be 
isolated,  and  the  resulting  design  problems 
resolved,  prior  to  the  time  that  the  weapon 
is  mass-produced  and  becomes  a  standard 
field  item  for  troop  use. 


a.  Introduction: 

Picatinny  Arsenal’s  Human  Engineering 
Unit,  being  organized  as  a  service  organiza¬ 
tion  for  hardware  development  groups,  must 
be  concerned  primarily  with  the  immediate 
problems  of  equipment  design.  Usually  the 
handbooks  and  psychological  literature  are 
checked  for  information  needed  for  applica¬ 
tion.  When  the  information  does  net  exist. 


our  personnel  are  sometimes  able  to  under¬ 
take  supporting  resea*::.,  as  necessary,  and 
thus  function  as  Engineering  Psychologists 
or  Human  Factors  Research  Specialists. 

Mr.  Seminara  will  describe  some  signifi¬ 
cant  research  which  was  prompted  by  a 
specific  design  problem- -How  can  troops 
make  settings  on  a  control  panel  at  night  with 
no  electrical  power  and  no  flashlight  avail¬ 
able? 


Specification  of  Brightness  and  Readability  for  Self- Lumi  non  j 
Control  Panel  Elements 

Mr.  Thomas  Goldsmith  and  Mr.  Joseph  L.  Seminara 
Human  Engineering  Unit,  Picatinny  Arsenal 
Mr.  Thomas  Goldsmith 
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b.  Report:  Mr.  Joseph  L.  Seminar* 

The  Human  Engineering  Unit  of  Picatinny 
Arsenal  was  called  upon  to  make  recom¬ 
mendations  concerning  the  illumination  of 
certain  rocket  control  panels.  The  engineer¬ 
ing  and  military  limitations  imposed  ori  the 
situation  were  as  follows: 

1.  No  conventional  power  source  would 
he  made  available  specifically  for  illumina¬ 
tion  of  the  control  panel 

2.  The  source  of  illumination  chosen 
would  be  required  to  stand  up  under  extremes 
of  climate  And 

3.  The  illumination  provided  should  be 
such  that  the  control  panel  would  be  ade¬ 
quately  illuminated  and  at  the  same  time 
should  render  the  rocket  launching  site  mini¬ 
mally  detectable  to  possible  enemy  patrols 
in  the  area. 

After  surveying  available  methods  of  illu¬ 
mination  it  was  decided  to  utilize  radioactive 
self-luminous  sources.  These  sources  bas¬ 
ically  consist  of  a  radioactive  substance  in 
combination  with  a  particular  phosphor.  The 
radioactive  substance  emits  alpha  and  beta 
particles  which  strike  the  phosphors  result¬ 
ing  in  the  emmission  of  visible  light. 

In  addition  to  meeting  the  military  and 
engineering  requirements  just  stated,  these 
sources  have  the  following  advantages: 

1.  They  take  up  a  minimal  amount  of 
equipment  space  since  no  batteries,  wires, 
switches  or  bulbs  are  needed. 

2.  They  require  no  maintenance  effort 
since  these  sources  have  a  useful  luminosity 
life  measured  in  terms  of  years. 

3.  The  cost  of  incorporating  this  form 
of  illumination  into  many  equipments  is  not 
prohibitive  when  we  consider  the  savings 
resulting  from  th;  just-mentioned  factors. 

Great  progress  has  b*en  made  in  the  field 
of  radioactive  illumination  in  the  past  few 
years.  Much  research  has  gone  into  finding 
the  right  combinations  of  radioactive  sources 
and  phosphors  to  produce  light  of  sufficient 
brightness  and  length  of  life.  A  concomitant 
problem  has  been  the  development  of  shield¬ 
ing  techniques  to  prevent  harmful  radiation 
from  striking  the  human  body. 

The  first  successfully  used  radioactive 
substance  was  radium.  Everyone  is  familiar 
with  ths  greenish-blue  light  seen  in  the  dark 
on  the  markings  of  watches  and  clocks. 

However,  radium  excited  phosphor  s  did  not 
prove  widely  applicable  for  two  main  reasons: 

1.  radium  emits  extremely  dangerous 
radiations  making  this  substance  hard  to 
handle,  and 

2.  radium  alpha-particles  destroy  the 
phosphor  crystals  too  rapidly,  causing  too 
rapid  a  loss  in  brightness  of  emitted  light. 

Since  the  early  use  of  radium,  a  number  of 
artificially  produced  radioisotopes  have  b#en 
employed  in  attempting  to  overcome  the  limi¬ 
tations  of  radium.  Among  these  have  been 


Strontium,  Krypton,  Thallium,  Prometfium 
and  Tritium.  The  last-mentioned,  tritium, 
has  shown  the  greatest  promise  in  avoiding 
the  radiological  hazard.  This  radioisotope 
requires  very  little  shielding.  By  encasing 
the  self-luminous  Tritium  substance  in  a 
plastic  envelope  one-hundreth  of  an  inch  in 
thickness,  this  material  is  rendered  harm¬ 
less.  The  most  promising  development  to 
date  has  been  a  commercial  product  named 
"Safcglow.**  This  is  a  “paint**  consisting  of 
the  Tritium  radioisotope  in  combination  with 
a  phosphor  and  special  plastic  i.  Events  and 
adhesives.  This  “paint"  requires  no  shield¬ 
ing  at  all.  At  present,  brightness  values  of 
up  to  SO  microlamberts  can  be  obtained  ac¬ 
cording  to  the  manufacturer's  claims.  It  is 
anticipated  that  in  this  future  brightness 
values  of  from  75  to  100  microlamberts  will 
be  achieved  with  this  new  substance. 

In  order  to  make  specific  recommendations 
concerning  the  utilization  of  radioactive  illu- 
minants,  two  investigations  were  performed. 
The  first  study  dealt  with  the  detection 
thresholds  for  radioactive  self-luminous 
stimuli  at  night.  The  stimulus  materials  used 
were  five  strontium  -90,  one  inch  diameter 
discs  supplied  by  the  U.  S.  Radium  Corpora¬ 
tion  on  a  thirty-day  loan  basis.  There  were 
2  green  one  blue  and  2  yellow  discs  ranging 
in  brightness  from  10.8  to  28.6  effective 
microlamberts.  Detection  thresholds  were 
obtained  by  the  method  of  limits.  Under 
varying  conditions  of  darkness,  the  detect¬ 
ability  of  the  radioactive  light  sources  varied 
from  an  average  of  89  to  245  feet.  A  small 
simulated  control  panel  containing  five  four 
letter  words  with  letters  i  inch  in  height  was 
seen  at  a  mean  distance  of  60  ft  away.  On  the 
basis  of  this  study  it  was  recommended  that 
self-luminous  sources  would  be  used  to  back¬ 
light  rocket  control  panels  with  little  or  no 
chance  of  detection  by  the  enemy  beyond  1000 
feet. 

The  purpose  of  the  second  study  was  to 
determine  the  required  brightness  level  and 
h*«t  color  of  illuminaticn  for  readability  of 
letters  and  numbers  of  varying  sizes.  The 
stimuli  used  were  common  four  letter  words 
such  as  FUZE,  nonsense  syllables,  and  two 
or  three  digit  numbers.  Letter  sizes  varied 
from  0.116  to  0.235  inches  in  height.  The 
radioactive  sources  used  to  backlight  these 
stimuli  were  the  same  as  those  used  in  the 
night  detection  study. 

Of  the  colors  used,  yellow  proved  best  for 
acuity  and  blue  proved  least  effective.  On  the 
basis  of  the  results  of  this  study  we  were  able 
to  make  recommendations  to  design  engi¬ 
neers  concerning  the  required  brightness 
levels  of  illumination  for  numbers  and  letters 
of  varying  sizes  at  a  reading  distance  of  28 
inches. 

In  specifying  the  initially  required  char¬ 
acteristics  of  self-luminous  source  for  a 
specific  equipment  application,  a  number  of 
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lactors  must  be  considered.  These  are: 

!.  The  color  of  illumination  desired. 

i.  The  optimal  brightness  level  for 
readability  at  a  panel  reading  distance  of 
twenty -eight  inches. 

3.  The  shelf  life  of  the  equipment  orthe 
anticipated  useful  life  of  the  item  to  be 
illuminated. 

1.  The  rate  -_f  decrease  in  luminosity 
in  time  for  the  particular  radioisotope  used. 

A  formula  has  been  devised  which  takes 
account  of  these  four  factors  and  yields  the 
required  initial  brightness  level  for  the  self- 
luminous  sources. 

The  research  that  has  been  performed  at 
Picatinny  Arsenal  has  been  preliminary  in 
nature.  Further  research  is  eerrently  under¬ 
way  with  a  wider  range  oi  colors  and  bright¬ 
ness  levels.  It  is  honed  that  in  the  near  future 
w«‘  will  be  able  to  specify  with  a  greater  de¬ 
gree  of  precision  the  required  dimensions  for 
this  form  of  illumination. 

At  present,  self-luminous  sources  are  be¬ 


ing  utilized  by  the  military  In  Illuminating 
scales,  level  vials,  and  reticles  for  mortar 
sights  and  gunners'  quadrants.  The  Navy  has 
made  use  of  these  aqurcea  for  deck  marker*. 
..•other  use  that  it  being  considered  is  in  the 
form  of  personnel  markers  for  night  field 
situations.  An  “atomic  flashlight"  for  map 
reading  and  other  night  activities  is  also  in 
existence.  To  cite  a  commercial  application, 
the  railroad  companies  are  testing  the  use  of 
these  sources  as  warning  lamps.  The  use  of 
“atomic  lamps"  will  represent  tremendous 
savings  in  many  thousands  of  feet  of  expensive 
cable  and  will  greatly  reduce  the  maintenance 
costs  required  to  keep  up  present  types  of 
electric  lamps. 

We  have  only  scratched  the  surface  of 
potential  applications  for  this  form  of  Illu¬ 
mination.  With  such  new  developments  as 
"Safcglow"  in  which  the  threat  of  harmful 
radiation  la  eliminated  we  can  anticipate  that 
the  uae  of  aelf-lumlnou*  aourcea  will  be 
widely  expanded  in  the  years  to  come. 


8.  Some  Human  Engineering  Aspects  of  the  E13R9  Field  Protective  Mask 

Dr.  E.  Davy 

V.  S.  Army  Chemical  Warfare  l  -boratorles 


About  three  and  one  half  months  ago,  a 
number  of  American  newspapers  carried  s 
United  Press  release  which  was  headlined: 
"Army  drvelopes  new  atomic  age  face  pro¬ 
tector".  An  alternate  version  of  this  headline 
from  another  newapaper  was:  “Mask  pro¬ 
tects  GI  against  radioactivity",  etc.  These 
press  releases  and  accompanying  articles 
referred  to  the  cur  rent  experimental  or  El 3R9 
Mask.  Protective.  Field,  commonly  called 
the  F.l  iR9  Gas  Mask. 

The  Elik9  mask  was  developed  by  0  c 
Chemical  Warfare  l.abor stories  of  the  Army 
Chemical  Corps,  working  in  conjunction  »  ith 
the  Mine  Safety  Appliance#  Company  of  Pitt*  - 
burgh,  Pennsylvania. 

Toe  small  print  of  the  article,  which  fol¬ 
lowed  the  eye-catching  headlines  1  have  men¬ 
tioned,  diminished  to  tome  extent  the  spec¬ 
tacular  impact  in  that  there  was  an  admission, 
presumably  in  the  inteiest  of  reporting  ac 
curacy,  that  the  mask,  although  preventing 
the  wearer  from  breathing  air-borne  radio¬ 
active  fallout  particles,  did  not  afford 
protection  against  direct  radiation. 

Before  continuing  this  discussion  of  the 
E11K9  mask,  1  should  like  to  point  out  that 
l  am  not  an  authority  on  protective  maaks  and, 
although  1  may  often  be  teen  carrying  a  brief 
case,  1  am  not  even  an  expert.  The  study 
which  l  am  about  to  relate  was  not  designed 
by  the  Army  Chemical  Corps  Psychology  snd 
Humsn  Engineering  Branch.  Our  part  In  this 
study  was  purely  on  what  might  be  called  a 
consulting  basis.  Actually,  1  was  invited  to 


observe  field  testa  on  the  mask  and  saw  an 
opportunity  to  obtain  data  on  the  reactloni  of 
troops  to  this  mask. 

Prior  to,  and  during,  the  time  that  these 
field  tests  were  being  conducted,  a  series  of 
laborslory  tests  were  being  conducted  at  the 
Directorate  of  Medical  Research  atthe  Army 
Chemical  Center.  These  laboratory  tests  In¬ 
cluded  determination*  of  the  actual  resistance 
of  the  mask  filter  elements,  tests  for  leakage 
around  the  edges  of  ths  mask  **  It  was  being 
worn  by  active  personnel,  endurance  mea¬ 
sures  of  personnel  executing  strenuous  tasks 
while  wearing  th*  mask,  etc. 

Insofar  as  human  engineering  evaluation 
w»»  sppHcd  to  this  item,  the  question  of  pri¬ 
mary  Importance  concerned  the  satUfactori- 
nets  of  the  Interaction  of  the  Item  snd  its 
user.  Th*  importance  of  this  question  be¬ 
comes  apparent  if  w*  note  that  upon  Its 
answer  depends  the  answer  to  two  related 
questions:  namely,  "Will  the  item  be  used 
(rsthcr  than  ignored  vi  discarded)  f "  and 
"What  will  be  the  effect  ot  using  ths  item 
upon  the  proficiency  ofthe  user, both  In  terms 
of  consequent  moral*  changes  and  in  terms  of 
physiological  limitations,  which  theltemmay 
Impose  9“  Extrema  physiological  effects 
upon  the  user,  such  as  smhaustion  and  ax- 
cettlv*  fatigue,  may  bs  determined  by  direct 
observation  or  by  measurements  of  body 
temperature,  oxygen  consumption,  heart 
rate,  etc.  The  concern  of  our  part  ol  the 
study  was  with  more  subtle  physiological 
manifestations  which  sr*  only  in  evidence  if 
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they  are  reported  by  the  individual,  and 
especially  with  the  subjective  attitudes  of  the 
individual  toward  the  item. 

*  Characteristically,  these  sorts  of  reac¬ 
tions  are  determined  by  the  use  of  form 
questionnaires.  The  widespread  use  of  pre¬ 
pared  questionnaires  for  the  purpose  of  de¬ 
termining  subjective  reactions  of  large  groups 
to  equipment  may  be  readily  understood  if 
one  considers  the  advantages  of  this  method. 
For  one  thing,  the  prepared  questionnaire 
may  he  administered  to  large  groups  in  a 
short  time  by  a  very  small  complement  of 
personnel.  For  another,  the  questionnaire  is 
a  fair  guarantee  that  a  large  amount  of  data 
will  be  forthcoming.  Because  of  the  nature 
of  the  typical  questionnaire;  i.e.,  because  it 
usually  asks  for  brief  and  previously  con¬ 
structed  answers,  these  data  may  bt  easily 
tabulated  in  a  form  which  readily  lends  itself 
to  statistical  analysis.  However,  it  is  also 
obvious  that  this  sort  of  questionnaire  has 
some  very  definite  limitations.  It  is  always 
possible  that  some  very  Important  raaction, 
observation,  or  feeling  on  the  part  of  the 
subject  user  will  not  have  been  anticipated 
by  the  pereon  who  has  constructed  the  ques¬ 
tionnaire.  Of  course  many  questionnaires  end 
with  the  open  ended  type  question  such  as 
“Any  further  comments?'*  However,  the 
formal  structure  of  the  greater  part  of  the 
questionnaire  usually  tends  to  limit  the  in¬ 
formal  comments  which  the  subject  will 
make.  In  addition,  as  these  comments  are 
written  and  as  they  are  often  tead  after  the 
subject  is  no  longer  available  for  questioning, 
their  meaning  may  be  obscured,  misinter¬ 
preted,  or  completely  lost.  Still  another  im¬ 
portant  disadvantage  it  the  fact  that  a  ques¬ 
tionnaire  may  be  a  more  effective 
determinant  of  the  subject's  responses  than 
his  experience  with  the  item  we  arc  investi¬ 
gating.  in  other  words,  it  may,  through 
suggestion,  draw  upon  his  imagination  rather 
than  his  memory. 

The  Chemical  Corps  gas  mask  of  current 
standard  issue  is  dcsignsted  as  the  M9.  This 
mask  has,  on  ons  side  of  the  face  piece,  a 
canister  for  the  purpose  of  removing  toxic 
material  from  the  atmosphere  befora  that 
atmosphere  reaches  the  oral-nasal  tract  of 
the  wearer.  'During  the  past  two  years,  the 
U.  S.  Army  Chemical  Warfare  Laboratories 
at  the  Army  Chemical  Center  haa  developed 
a  new  mask  now  known  as  ths  El).  In  this 
mask,  the  side  canister  has  been  replaced  by 
two  charcoal  filter  elementa  on*  on  either 
side  of  the  facepiece. 

The  M9  mask  offers  a  rather  high  resist¬ 
ance  to  breathing  upon  Inhalation,  thus  re¬ 
sulting  in  user  fatigue  beyond  the  extent 
which  would  normally  result  from  participa¬ 
tion  in  any  given  activity.  In  the  £1)  mask, 
this  resistance  haa  been  cut  approximately 
in  half.  To  overcome  the  Interference  with 
speech  and  the  resulting  lack  of  intelligible 


communication  caused  by  the  design  of  the 
M9,  a  “voicemitter**  haa  been  Included  in 
the  facepiece  of  the  El).  Other  innovations 
incorporated  in  the  El)  include  an  ayepieca 
construction  which  affords  wider  angle  visi¬ 
bility  than  that  of  the  standard  mask.  Last 
June,  during  the  time  that  the  new  mask  was 
being  tested  for  leakage,  durability,  usability 
in  cold  environments,  etc.,  field  teats  war* 
being  conducted  to  determine  the  extant  of 
direct  interference  of  the  mask  with  the 
execution  of  typical  military  teak*  such  as 
rifle  firing,  rocket  launching,  etc.  For  these 
tests,  fifty  masks  of  each  type  (M?  and  ED) 
were  taken  to  the  U.  S.  Army  Chemical  Corps 
Proving  Ground  near  Salt  Lake  City,  Utah. 
The  proving  ground  covers  a  rather  large 
area  in  the  western  part  of  the  etatc  and  the 
terrain  includes  desert  and  salt  flats  as  wall 
as  some  rugged  arses  of  the  Wasatch  range. 
Before  the  tests,  fifty  troops  were  selected 
and  fitted  with  one  of  each  type  of  mask. 
Each  man  wae  shown  and  allowed  to  practice 
the  proper  method  of  wearing  and  carrying 
both  muki.  Tests  included  marching  over 
hill  and  dasert  terrain,  competitive  softball 
and  vollayfcalt,  ratting  in  racraation  areas, 
use  of  weapons,  donning  mask  on  signal  dur¬ 
ing  a  simulatad  Chemical  Warfare  attack, 
etc.  Wherever  possible,  half  of  the  subjects 
wore  one  mask  and  half  wore  the  other  during 
the  teats.  Halfway  through  the  testa,  each 
subject  changed  ths  mask  he  wae  wearing. 
Wheraver  applicable,  the  proficiency  of  task 
performance,  in  terms  of  proper  and  rapid 
completion,  accuracy,  ate.,  was  objectively 
evaluated  by  expert  military  observers. 

Having  outlined  the  context  of  our  particu¬ 
lar  problam,  we  return  to  the  question  of 
determining  subjective  reactions  end  atti¬ 
tudes  of  the  troops.  It  seemed  that  the  most 
useful  information,  that  is  the  information 
moat  likely  to  reflect  the  true  attitudes 
toward  tha  mask,  would  be  the  spontaneous 
reports  of  the  subjects  during  a  time  Im¬ 
mediately  following  a  tret  trial.  To  etsfe  it 
this  way  is  to  be  almost  redundant  with  the 
initial  formulation  of  the  problem.  It  le 
almost  as  though  one  were  to  etete  that  the 
feeling*  of  the  subjects  were  the  beet  indica¬ 
tor*  of  their 'attitudes.  However,  the  collec¬ 
tion  of  this  kind  of  information,  unaltered  by 
the  method  of  collection,  presented  a  need  for 
technique*  which  w*  had  not  prsviousty  used 
in  this  type  of  situation.  Of  course  clinical 
practitioners  have,  for  some  time,  been  de¬ 
veloping  and  utiliaing  methods  and  akill* 
which  have  proven  successful  in  obtaining 
information  from  a  source  somewhat  deeper 
than  the  level  of  consciousness  at  which  w* 
were  interested  In  working.  But,  a*  is  true 
in  the  instance  of  most  field  studies  of  mili- 
tai  y  equipment,  personnel  with  experience 
or  training  in  Interviewing  techniques  were 
not  available,  especially  not  in  large  num¬ 
bers.  Instead,  we  were  able  to  obtain  a  staff 


of  ten  Army  enlisted  personnel,  none  of  whom 
had  any  previous  research  experience  and 
wnc,  at  the  cutset,  understood  nothing  of  the 
mysteries  of  psychic  probing.  Naturally  it 
would  not  have  been  possible  to  make  com¬ 
petent  clinical  technicians  out  of  these  men 
in  the  few  days  used  in  prep? ration  for  the 
test.  However,  it  was  believed  that  enough 
insight  into  the  basic  concepts  underlying  the 
unstructured  interview  could  be  transmitted 
and  that  enough  skill  could  be  acquired  by 
this  staff,  of  presumably  average  intelli¬ 
gence,  in  a  period  of  three  days  of  training 
and  practice,  to  enable  them  to  complete  the 
task  demanded  by  this  particular  problem. 
During  the  first  day  the  research  design,  the 
masks,  and  some  very  elementary  Rogerian 
principles  were  explained  and  discussed.  On 
the  second  day,  each  man  practiced  inter¬ 
viewing  several  others  who  were  instructed 
to  behave  as  they  imagined  subjects  might 
during  the  interviews.  Only  one  practice  in¬ 
terview  occurred  at  a  time.  This  was  always 
in  the  presence  of  the  other  interviewers  and 
under  the  supervision  of  the  instructor.  Thus, 
it  was  possible  for  the  entire  staff  to  profit 
by  each  criticism  and  by  each  repetition  of 
the  principles  involved.  In  general,  the  men 
seemed  not  to  find  this  activity  unpleasant 
and  were  making  very  serious  efforts  to 
become  skilled  in  their  jobs.  Wherever  pos¬ 
sible,  of  coui  ac,  a  trainee  was  highly  com¬ 
plimented  for  his  handling  of  a  situation. 
Criticism  was  Introduced  by  the  instructor 
in  the  form  of  additional  instruction  or  nuance 
of  technique.  Trainees  were  encouraged  to 
criticise  each  other  and  to  comment  on 
specific  situations  which  developed.  This  kind 
of  participation  contributed  a  great  deal  to¬ 
ward  the  holding  of  their  interest.  By  the 
tl.E.J  Jay,  each  of  the  men  seemed  to  have 
sufficiently  ••mastered"  the  necessary  art. 
It  should  be  noted  that  a  sort  of  "model  in¬ 
terview"  (conceived  by  the  instructor  prior 
to  the  training  period)  was  "developed"  by 
the  group  during  the  training  period.  This 
model  interview  consisted  of  simple,  short, 
Interrogstivc  phrsses  which  wsrs  to  be  used 
successively  in  event  a  subject  did  not  show 
sufficient  spontaneity  i.i  expressing  his  at¬ 
titudes.  These  phrases  were  nonspecific  to 
the  equipment;  e.g.,  "How  did  it  go?"  and 
referred  to  the  equipment  only  if  the  subject 
stopped  talking  or  wandered  too  far  from  ths 
information  sought.  The  "information 
sought"  was,  incidentally,  defined  for  the 
interviewing  team  ss  consisting  of  special  or 
outstanding  comments  about  the  mask  includ¬ 
ing  recurrent  complaints.  (Explanations  were 
requested  in  instances  where  aublects*  com¬ 
ments  could  not  be  understood.  Interviewers 
ware  instructed  to  terminate  all  interviews 
after  a  five  minute  period  had  passed.  In 
practice  however,  it  was  found  that  less  time 
than  this  was  typically  required  todetermine 
all  that  a  subject  had  to  say.  Recording  a 


subject's  responses,  after  they  had  been 
successfully  elicited,  would  have  been  rather 
difficult  if  a  verbatim  account  had  been 
attempted.  For  this  reauon,  a  liat  of  the  kind 
of  comments  in  which  we  were  most  in¬ 
terested  was  made  up.  Previous  studies  of 
gas  masks  and  the  typical  responses  of 
troops;  that  is,  th:  typical  criticism*  made 
by  troops  wearing  these  masks;  knowledge 
of  design  characteristics  upon  which  th* 
designers  of  the  new  maak  had  concentrated, 
such  as  the  voicemitter,  the  decreased 
breathing  resistance,  ate.,  particularly  those 
specific  attempts  at  improvement  of  the 
standard  M9  mask  which  were  expected  to 
elicit  comparison  comments,  enabled  ut  to 
make  up  this  lilt.  Thue,  a  part  of  the  list 
had  been  developed  prior  to  the  training 
situation  and  the  rest  was  added  at  thattlm*. 
Additions  were  for  the  most  part,  made  up 
from  the  suggestion*  of  the  interviewing 
teem.  This  list  consisted  of  one  to  three 
word  phratet  which  ware  found  to  b*  capabla 
of  summarising  most  all  of  the  comments 
made  by  the  Interviewers  acting  aa  aubjscts. 
In  other  words,  a  man  might  talk  for  several 
minute*  about  how  hard  it  was  to  breath,  how 
h*  fait  suffocated,  couldn’t  got  enough  air, 
etc.,  or  about  how  h*  kept  tripping  over  ob¬ 
ject*  because  he  couldn’t  see  them,  etc.,  but 
the  notations  written  by  the  interviewer  would 
consist  only  of  the  phrases:  ‘‘breathing  dif¬ 
ficult"  and  “poor  vision".  Thus,  after  having 
memorised  the  list,  interviewers  were  able 
to  record  subjects’  statements  with  a  mini¬ 
mum  of  notation.  When  a  vary  unusual  com¬ 
ment  which  seemed  importer!  was  made,  this 
was  recorded  as  stated.  It  is  in  thia  one  in¬ 
stance  that  w*  war*  forced  to  roly  upon  th* 
judgments  of  the  Interviewing  team.  This 
method  of  recording  the  subjects’  response* 
made  codifying  and  tabulating  tha  data  far 
easier  than  it  would  otherwise  have  been. 

Our  observation  of  the  member*  of  th* 
team  indicated  thet  our  training  method  was 
successful.  That  is,  it  appeared  on  the  basis 
of  a  spot  check  of  ths  interviews,  that  th* 
Interviewing  team  was  actually  able  to  utilise 
"nondirective"  interviewing  techniques  to 
the  extent  required  by  this  study  without  in¬ 
troducing  Mss  Into  the  response*  of  the  sub¬ 
jects. 

To  return  to  the  actual  test  situation. ...The 

gas  mask,  that  is,  the  experimental  mask  was 
worn  by  th*  subjects  under  a  variety  of  field 
circumstance*.  In  each  instance,  th*  stand¬ 
ard  maak  we*  worn  under  comparable  or 
identical  circumstances  In  order  to  compare 
the  reaction*  of  the  troop*  to  th*  two  meek*. 
It  should  be  noted  that  the  test  conditions  in 
which  the  subjects  wore  the  mask*  war* 
eulccUJ  for  several  purpose*.  Teat*  euchaa 
road  marches  over  rough  terrain,  volleyball 
and  softball,  ate.,  were  introduced  primarily 
to  determine  such  factors  a*  the  increased 
heat  load  imposed  upon  a  man  by  the  mask, 
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the  extent  of  fatigue  resulting  from  the  wear¬ 
ing  of  one  mask  as  compared  with  the  fatigue 
resulting  from  the  wearing  of  the  other,  etc. 
In  addition,  a  great  deal  could  be  learned  about 
the  degree  to  which  the  new  mask  was  able 
to  alford  a  visual  field  commensurate  with 
the  requirements  of  these  tasks,  A  second 
type  of  test  is  exemplified  by  the  leisure 
studies;  that  is,  studies  during  which  no 
specific  task  was  assigned  but  during  which 
the  men  were  required  to  wear  the  mask  over 
an  extended  period  of  time.  A  third  type  of 
test  required  the  utilization  of  specialized 
and  highly  developed  skills,  such  as  rifle 
firing. 

1  have  a  short  film  which  will  show  some 
of  the  actual  tests  during  which  the  masks 
were  worn.  I  should  like  to  emphasize  at 
this  time  that  these  are  examples  of  develop¬ 
mental  testing  only;  iu  no  instance  is  a  user 
test  of  an  end  item  a  part  of  this  study. 

AT  THIS  TIME,  A  10  MINUTE  FILM  WAS 
SHOWN.  THIS  FILM  SHOWED  THE  TYPES 
OF  FIELD  TESTS  ON  WHICH  THIS  STUDY 
WAS  BASED.  THESE  INCLUDED  AN  OB¬ 
STACLE  COURSE,  A  ROAD  MARCH, 
A  SOFTBALL  CAME,  A  SHOT  OF  AN  ARC¬ 
TIC  CHAMBER,  AND  ACTIVITY  ON  A  FIR- 
ING  RANGE. _ 

The  results  of  the  interviews  indicatedthat 
the  troops  were  of  the  opinion  that  th*E13R9 
was  more  easily  withdrawn  from  its  carrier 
than  the  standard  M9.  This  is  an  obvious  ad¬ 
vantage  in  combat  when  gas  alarms  are 
sounded.  Timed  testa  have  confirmed  this 
subjective  finding.  The  E13R9  is  considered 


to  fit  better  and  to  remain  in  place  better 
than  the  M9.  In  addition,  the  E13R9  causes 
less  irritation  to  the  face  and  head. 

Most  all  subjects  stated  that  breathing  was 
easier  with  the  E13R9  mask,  that  lens  fogging 
was  less,  and  thatwearing the  E13R9was  leas 
tiring  than  wearing  the  M9.  The  latter  point 
is  interesting  to  note  in  view  of  the  fact  that, 
when  men  on  treadmills  were  told  to  run  until 
too  tried  to  continue,  those  men  wearing  the 
experimental  mask  ran  no  longer  than  those 
wearing  the  standard  mask.  Thus,  it  appears 
that  the  apparent  advantage,  with  respect  to 
fatigue  of  the  new  mask,  though  possibly  im¬ 
portant,  is  purely  subjective.  Most  subjects 
believed  that  they  were  cooler  while  wearing 
the  new  mask.  Again,  laboratory  evidence 
indicates  that  there  is  no  difference  between 
the  heat  load  of  the  new  andthatof  the  stand¬ 
ard  mask. 

In  rifle  firing  taste  there  was  a  slight  but 
not  significant  preference  for  the  standard 
mask.  Scoring  totals  however,  showed  little 
or  no  difference.  It  should  be  noted  that  the 
test  subjects  ware  very  inexpert  as  riflemen. 
For  this  reason,  it  is  probable  that  the 
variability  of  their  scores  was  sufficiently 
great  to  mask  any  difference  that  might  have 
bean  due  to  the  respective  designs  of  the 
masks. 

The  troops  indicated  frequently  that  the 
new  mash  was  superior  in  that  it  afforded 
better  vision  aad  much  better  speech  trans¬ 
mission  and  intelligibility  characteristics 
than  the  standard  mask.  A  general  preference 
for  the  E13R9  over  the  standard  M9  was 
fuund  to  be  at  a  ratio  of  almost  six  to  one. 


9.  Human  Factors  Engineering  In  the  Transportation  Corps 
Dr.  John  W.  Bailey 

Transportation  Corps  Research  &  Engineering  Command 
Ft.  Eustis,  Va. 

| Dr.  Bailey  commented  on  major  Trans-  instrumentation,  controls,  and  seating;  ship 

portation  Corps  problems  to  which  human  loading  facilities  and  harbor  and  convoy  corn- 

factors  engineering  considerations  are  im-  municationa;  terminal  and  warehousing  op- 

portant.  Among  these  he  mentioned:  design  eratione;  and  design  of  aircraft  instrumenta- 

of  rail  passenger  equipment;  motor  truck  lion  and  controls.) 


10.  Selected.  Significant  Results  of  Recent  Signal  Corps  Research,  and 

Major  Future  Studies  Planned 

Mr.  Paul  E.  Griffith 
Office  of  Engineering  Operations 
US  Army  Electronics  Engineering  Laboratories 
Ft.  Monmouth,  N.J. 


The  remarks  that  I  have  to  make  apply  to 
our  work  at  the  U.  S.  Army  Signal  Engineer¬ 
ing  Laboratory  only.  They  are  not  concerned 
with  human  engineering  work  at  the  U.  S. 
Army  Electronic  Proving  Grounds  or  other 
Signal  Corps  installations, 

I  am  aware  that  1  should  make  a  little 
introductory  statement  as  to  what  we  have 


been  doing  at  the  laboratories  in  the  past 
year,  our  genaral  method  of  operations,  etc. 
Fur  this,  however,  1  simply  refer  you  to  the 
description  of  our  work  published  in  the  last 
year’s  confsrencs  record;  we  are  still  doing 
much  the  same  work:  we  ars  carrying  on 
with  the  conduct  of  human  factors  engineering 
training  courses;  we  are  carrying  on  contract 


surveillance  and  some  contract  supervision 
(primarily  through  our  contract  with  Dunlap 
and  Associates  tor  H  lan  Engineering 
studies,  whereby  the  muen  larger  equipment 
reviews  are  made  and  special  studies  carried 
on);  we  also  do  a  great  deal  of  consultation 
work. 

One  thing  that  has  come  out  of  our  routine 
efforts  this  last  year  ia  the  drafting  of  a  new 
Signal  Corps  specification  called  '‘Human 
Factors  Engineering  for  Signal  Corps  Equip¬ 
ment'*.  It  is  in  the  drafting  review  stage  now, 
and  a  copy  of  the  draft  in  its  present  form  is 
iti'.iuded  in  Appendix  3  to  the  Report  of  this 
Conference  (page  108), 

1  want  to  pass  on  to  one  thing  we  have  been 
doing  in  the  past  two  years  which,  1  think,  is 
quite  interesting.  It  is  the  application  phase. 
There  is  no  research  in  this;  it  is  simply 
human  engineering  application  in  the  Signal 
Corps  "Product  Review  Activity."  We  have 
two  types  of  product  review.  One  is  pre¬ 
liminary  product  review  which  is  carried  on 
with  the  arrival  of  the  development  model  of 
a  piece  of  equipment.  It  is  gone  over  from 
stem  to  stern,  in  a  total  of  about  IS  types  of 
review.  The  elements  considered  in  this 
product  review  are:  produclhility  of  the 
equipment;  conservation  of  critical  and  stra¬ 
tegic  materials;  availability  of  product;  ease 
of  maintenance;  standard,  reliable  compo¬ 
nents  in  preferred  sizes;  adequacy  of  pro¬ 
curement;  interchangeability;  test  equip¬ 
ment;  coordination;  scheduling;  preparation 
of  master  index  checklist;  use  of  commercial 
equipment;  schedule  of  equipment;  conform¬ 
ance  with  MC'e;  and  human  engineering. 
By  the  time  the  equipment  la  reviewed  for  all 
of  these  items,  it  is  gone  over  pretty 
thoroughly.  Thereafter,  we  participate  again 
in  the  final  product  review  which  must  be 
made  before  the  equipment  may  be  standard¬ 
ized. 

During  the  past  couple  of  years,  we  have 
thus  reviewed  41  pieces  of  equipment.  They 
are  broken  down  as  follows:  wire  communi¬ 
cation  equip. milt,  11;  test  equipment,  10; 
radio  equipment.  8;  meteorological  equip¬ 
ment,  5;  audio,  2;  radar  instrumentation,  2; 
radio  equipment,  2;  and  photographic  equip¬ 
ment,  1.  Specialist  Third  Class  Montgomery, 
assigned  to  our  office,  ran  a  sample  ot  the 


number  of  changes  recommended  by  us  in 
the  above  reviews,  and  the  number  of  ac¬ 
ceptances  of  our  recommendations.  The  num¬ 
ber  of  accepted  changes  in  all  was  365.  Those 

are  just  the  human  engineering  changes  in  the 
41  equipments.  From  a  sample  of  117  such 
.  hangeo  recommended,  76  were  accepted. 

Another  sample  of  168  such  recommenda¬ 
tions  yielded  the  following  information  on 
tvpes  of  faults:  labeling  faults,  33  percent; 
display  faults,  27  percent;  control  faults,  14 
percent;  equipment  features  contributing  to 
operator  or  maintenance  errors,  11  percent; 
operator  safety  and  comfort  faults,  1 1  per¬ 
cent;  and  panel  layout  and  miscellaneous 
faults,  4  percent. 

Examples  of  the  things  that  we  call  label 
faults  were:  the  complete  lack  of  any  label¬ 
ing  where  there  should  have  been  some  (the 
most  prevalent);  insufficient  information  ia 
the  label  (2nd  most  prevalent):  and  wrong 
location  of  the  label. 

We  are  quite  concerned  about  this  whole 
field  of  the  contents  of  the  labels  and  we  want 
to  go  into  studies  to  find  out  whether  we 
shouldn't  set  up  a  standard  to  assure  that  the 
labels  are  "operator  oriented."  To  illustrate 
what  1  mean,  if  you  have  a  Signal  Corns 
generator  with  some  output  adjustment,  the 
design  engineer's  tendency  is  to  label  the 
generator  output  control,  "Attenuator."  That 
doesn't  tell  the  poor  man  who  has  to  use  it 
what  it  does,  really.  We  feelitwouldbc  much 
better  for  the  label  to  say  “output,"  with 
an  arrow  over  the  control  to  Indicate  the 
direction  for  increase. 

We  also  want  to  try  to  standardise  on 
labeling  for  various  test  equipments,  so  that 
when  a  man  goes  from  one  type  of  test  equip¬ 
ment  to  another,  he  will  know  that  a  given 
word  labeled  on  the  knob  of  one  equipment 
refers  to  the  same  functions  when  used  on 
another.  This  means  standardisation,  and  is 
part  of  the  whole  coding  program;  you  have 
to  consider  labeling  when  you  consider 
ending. 

These  problems  illustrate  the  nature  of 
Signal  Corps  requirements  for  continuing 
consulting  services  in  human  factors  engi¬ 
neering  applicstions.  We  consider  this  aspect 
of  development  to  be  fully  as  necessary  and 
important  as  research  in  human  factors. 


11,  Industry'*  Acceptance  of  Esee-of-Malntenancs  Features  In  Design 
Alonio  J.  Vrooma^ChUf 


From  an  ease  ot  maintenance  viewpoint, 
it  would  be  preferable  to  provide  equipment 
that  would  meet  the  Military  requirement*  and 
would  operate  for  the  normal  life  without 
requiring  any  maintenance.  The  motor -com¬ 
pressor  unit  installed  in  most  home  refriger¬ 
ators  is  a  splendid  example  of  such  design. 


licatlon  Eng.  Br, ,  Mech.  Eng.  Dept 
Belvolr,  Va. 

Unfortunately,  it  has  not  been  feasible  to 
duplicate  such  design  in  most  of  the  equipment 
furnished  by  the  Corps  of  Engineers.  Some 
progress  has  been  made  in  this  area;  for 
example,  the  present  track  rollers  for  crawtsr 
tractors  are  designed  to  operate  for  500 
houvt  without  maintenance  or  lubrication, 


whereas  the  old  style  track  rollers  required 
lubrication  after  8  hours  of  operation. 

i'or  those  items  requiring  maintenance 
it  would  be  preferable  to  design  equipment 
so  that  it  could  be  maintained  without  tools, 
repair  parts  tad  materials.  As  we. approach 
this  condition  by  limitingthe  number  of  skills, 
tools,  and  parts  required  to  support  equip¬ 
ment,  we  tend  to  reduce  and  simplify  mainte¬ 
nance. 

The  Engineer  Research  and  Sevelopment 
laboratories  (ERDL)  have  conducted  ex¬ 
tensive  studies  of  representative  commercial 
items  of  equipment  in  order  to  establish  the 
design  changes  required  to  improve  the  ease - 
of-maintenance  characteristics.  As  a  result 
of  these  studies,  it  was  determined  that  con¬ 
siderable  time  could  be  saved  in  accomplish¬ 
ing  maintenance  operations  by  altering  the 
design.  For  example,  removal  and 
replacement  of  the  engine  from  a  specific 
make  and  model  of  commercial  grader 
required  slightly  over  4  manhoure.  After 
changing  the  method  of  mounting  the  engine 
and  accessories,  as  well  as  using  quick 
disconnect  fittings  for  the  electrical  and 
fuel  systems,  it  was  possible  to  remove  and 
replace  the  engine  in  9  minutes,  using  less 
tools.  This  is  indicative  of  some  of  the 
improvements  in  design  which  simplify 
maintenance.  As  a  result  of  this  study, 
the  specifications  are  being  changed  to  require 
(l)the  use  of  quick  disconnect  fittings  for 
the  electrical  and  fuel  systems  and  (d)  designs 
which  permit  easy  removal  of  components 
without  disturbing  other  attachments  or 
components.  Other  ease -of-maintenance  con  - 
s {derations  have  been  or  will  be  included 
in  the  specifications,  which  will  require  that 
the  design  engineer  consider  ease  -of- mainte¬ 
nance  requirements.  In  addition,  the 
specifications  will  require  examination  of 
equipment  during  pre-production  tests  to 
Insure  that  the  equipment  conforms  with 
ease -of-maintenance  requirements. 


ERDL  also  invited  representatives  of 
various  Technical  Services,  as  well  aa  other 
Government  Agencies  ard  the  manufacturers 
of  the  equipment  involved,  to  review  the 
findings  of  the  Laboratory  in  conjunction 
with  ease -of-maintenance  improvements* 
Most  of  the  other  services,  agencies  and 
manufacturers  agreed  that  the  changes 
recommended  by  ERDL  weredesirable;how- 
ever,  the  manufacturers  were  not  willing  to 
change  the  present  production  lines  or 
redesign  their  present  equipment.  Neverthe¬ 
less,  many  of  the  manufacture*  s  have 
Improved  their  ease  of  maintenance 
characteristics  in  subsequent  design. 

Inasmuch  aa  most  of  Engineer  equipment 
is  of  commercial  design,  it  is  essential  that 
industry  be  apprised  of  our  requirements  for 
ease  of  maintenance  ta  order  that  they  can 
Incorporate  such  requirements  in  their  com¬ 
mercial  design.  We  have  found  that  most 
manufacturers  are  receptive  to  the  idea, 
since  it  is  an  added  selling  point  for  their 
equipment  now  that  the  public  is  becoming 
maintenance  conscious.  In  this  connection, 
some  of  the  newer  automobiles  are  advertis¬ 
ing  self -adjusting  brakes,  one-shot  lubrica¬ 
tion,  and  o&er  sase-sf-maintenance  charac¬ 
teristics.  Further,  some  of  the  tractor 
equipment  manufacturers  are  atreaaing  the 
fact  that  components  suchas  engine* ,  steering 
clutches,  master  clutches,  transmissions, 
etc.  can  be  easily  removed  without  disturbing 
other  component!  or  assemblies. 

It  Is  felt  that  considerable  progress  can 
and  will  b*  mads  to  achieve  some  of  the 
most  Important easo-of-maintenanco  charac¬ 
teristics  desired  ta  commercial  equipment, 
which  wilt  tend  to  reduce  the  maintenance 
support  cost  of  Engineer  equipment.  It  Is 
recognised  that  there  is  considerable  work  to 
be  dort  b  this  area.  Nevertheless,  industry 
is  convbced  of  the  importance  of  ease  of 
maintenance,  which  b  indeed  a  big  step  b 
the  right  direction. 


12.  "Effect  of  Flicker  on  Human*"* 


..  n  a  py  Mr.  Benjamin  Goldberg, 

u.  3.  Army  Engineers  Research  6  Development  Laboratory 
from  report  of  contract  research  of  L.  M.  N.  Back,  et  al, 
at  Tulane  University. 


Considerable  interest  hat  been  attached  to 
the  unpleasant,  distracting  and  even  incapaci¬ 
tating  effect*  of  flickering  or  flashing  lights 
upon  human  subjects.  Many  have  experienced 
the  unpleasant  effects  of  driving  through  a 
forest  which  resulted  In  flickering  sunlight 
with  a  highly  distracting  effect  on  the  driver. 
Electroencephalograph; rs  have  recently  de¬ 
veloped  the  technique  of  using  flashing  lights 
in  conjunction  with  the  use  of  certain  drugs 


for  the  purpose  of  producing  the  elactroen- 
cephalographle  (EEG)  signs  of  latent  pstlt 
mat  epilepsy. 

The  present  experiments  were  undertaken 
with  the  idea  of  trying  to  develop  the  uas  of 
a  flickering  light  source  which  would  provide 
a  possible  tactic  ta  battlefield  opera¬ 
tions  by  causing  some  degree  of  inter¬ 
ference  with  the  cognitive  functions  of 
enemy  troop*. 


•Ab.urict.—  Ttie  complete  report  nay  pe  obtsioed  by  sddrea.lnp  request  to  Ntalit  Vlslm  EqHfptT*otm„USAEnnr.  Ft.  Beboir,  V,. 
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The  first  series  of  experiments  which  were 
carried  out  dealt  with  a  measurement  of  the 
frequency  of  flicker  which  would  be  molt 
likely  to  cause  dizziness,  sleep,  or 
unconsciousness  in  the  subjects.  After  several 
preliminary  explorations  with  various  colors 
and  various  intensities  of  light,  it  was  finally 
determined  that  white  light  and  maximum 
brightness  (but  not  enough  to  cause  pain) 
were  easily  as  effective  as  other  colors  and 
uther  intensities,  if  not  more  so.  A.  series 
of  subjects  were  then  systematically  studied 
and  their  resoonses  carefully  recorded  while 
being  exposed  to  various  frequencies  of  white 
light  of  maximal  (non-painful)  brightness.  It 
was  at  once  determined  that  frequencies 
much  above  20  cps  were  without  effect 
because  fusion  of  the  flicker  was  apparent 
and  the  subjects  were  never  discomfited; 
frequencies  below  about  7  cps  were  also 
not  useful  because  then  the  effect  became  an 
alternating  darkness  and  brightness  which 
was  disturbing  but  not  of  the  character  of 
the  effects  of  flicker. 

There  were  several  frequencies  which  were 
effective  in  producing  disturbing  effects  but 
it  was  found  that  9  cps  were  moat  often  the 
most  effective  source  of  disturbance.  Usually 
the  subjects  would  report  a  sensation  akin 
to  “falling  asleep,"  "feel  hypnotized," 
"drowsy,"  etc.,  although  only  two  subjects 
ever  did  actually  fall  asleep.  Very  often  the 
subjects  would  also  report  painful  or  disturb¬ 
ing  sensations  relating  to  the  eyes  or  to 
headaches  or  to  sensations  of  nausea  or 
apprehension.  Female  subjects  appeared  to 
suffer  such  disturbances  much  more  often 
and  these  sensations  more  often  persisted 
for  sume  hours  after  the  trial  in  women 
than  in  men.  It  was  not  possible  to  get  any 
more  intensive  or  more  consistent  effects 
by  prolonging  ;n  exposure  trial  beyond  five 
minutes  (even  up  to  one-half  hour). 

Some  experiments  were  done  in  which  the 
EEC  rhythms  (brain  waves)  of  the  subject 
were  recorded,  amplified  and  used  to  trigger 
the  light  source  at  the  same  frequency. 
When  the  subjec*  was  exposed  to  a  light 
flickering  at  the  same  frequency  as  his 
EEC,  the  subjective  effects  were  no  more 
pronounced  than  when  a  9  cps  flicker  was 
used;  they  were  most  pronounced  when  his 
own  EEC  was  modulating  the  flicker  at  9  cps, 
however. 

Subjective  responses  are  sometimes  diffi¬ 
cult  to  classify  and  compare.  To  obviate  this 
difficulty  certain  objective  teats  of  cognition 
were  tried  to  see  whether  the  subject's  sense 
of  awareness  was  really  attenuated  or  blocked 
in  any  way.  The  subject  was  required  to  tap 
in  a  certain  »«.P. *  {*».  «,-.di..g  sequence 
from  one  to  five  taps  on  left  tap  board  and 
a  descending  sequence  of  five  to  one  on  the 
right  tap  board).  Tests  such  as  these  failed 
to  show  consistent,  significant  interference 
with  cognition  by  the  flickering  light. 


The  major  premise  of  the  investigation  was 
apparently  blocked  at  this  point  so  we  turned 
to  a  study  of  some  othtr  effects  of  flickering 
light  which  we  noted  in  passing  in  earlier 
experiments.  Thus,  there  always  appeared 
to  be  some  difficulty  in  walking  in  the  presence 
of  a  flickering  light.  In  preliminary  trials 
this  early  experience  was  well  borne  out  as 
long  as  the  walking  involved  turning;  experi¬ 
ments  involving  straight-away  walking  com¬ 
pletely  failed  to  show  interference  by  flicker. 
In  order  to  make  the  walking  experiments 
more  effective,  we  devised  a  series  of  small 
hurdles  to  provide  shadow  effects.  The  flick¬ 
ering  light  was  also  mounted  on  a  swinging 
(from  side  to  side)  arm  to  cause  wavering  of 
shadows.  Under  these  formidable  circum¬ 
stances  the  investigators  and  several 
sophisticated  observers  were  variously 
nauseated,  unable  to  maintain  their  balance 
and  were  definitely  slowed  down  in  their 
performance  in  the  presence  of  flickering 
light.  When  we  took  a  group  of  unsophisticated 
subjects  (younger  students  who  were  com¬ 
pletely  unfamiliar  with  the  experiment  or  its 
purpose)  the  experiment  was  a  flat  failure; 
if  anything  the  presence  of  the  flickering 
light  improved  their  performance  Social 
effects  and  knowledge  of  results  for  the 
groups  of  subjects  had  absolutely  no  effect 
on  the  flicker  influence  on  perform¬ 
ance. 

Finally  we  attempted  several  hand-eye 
performance  tasks.  By  and  large  these  were 
obviously  depressed  by  the  flickering  light 
(by  as  much  as  50%)  hut  with  practice  and 
continued  exposure  performance  was  soon 
returned  to  normal.  Thus  in  rifle  firing 
experiments  it  was  found  that  flickering 
light  behind  the  target  (i.e.,  behind  friendly 
troops)  would  reduce  firing  accuracy  by  as 
much  as  50%;  experienced  marksmen,  how¬ 
ever,  were  only  temporarily  confused  by  this 
situation  when  firing  at  moving  targets,  and 
scores  soon  returned  to  their  control  values. 

A  last  attempt  was  made  to  determine 
whether  longer  flash  durations  would  possibly 
provide  a  more  effective  interference  with 
cognition.  It  was  found  that  minimum  flash 
durations  were  more  effective  than  long  flash 
durations  in  these  respects. 

The  principal  findings  of  this  investigation 
are  that  flickering  lights  between  7  cps  and 
20  cps,  but  particularly  at  9  cps,  are  ef¬ 
fective  in  producing  sensations  relating  to 
interference  with  consciousness.  It  is  felt 
that  such  sensations  are  Indicative  of  real , 
but  ineffectual,  interference  with  cognition 
by  flickering  light.  To  achieve  objective  and 
effective  interference  with  consciousness  by 
flickering  lights  or  by  any  other  suitable 
to.  Unique  will  probably  require  (a)  a  better 
knowledge  of  the  basic  physiological  nature  of 
consciousness  and  sleep  and  (b)  possibly 
other,  even  radically  different,  techniques 
than  flickering  light  alone. 
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13.  The  Human  Engineering  Factor  tn  Equipment  Speclft^iono 

Mr.  Henryk  J.  Iiukowski,  U.  S.  Army  Engineer 
Maintenance  Center,  Columbus,  Ohio 


We  are  heavily  concerned  in  the  Corps  of 
Engineers  with  the  use  of  commercial  items, 
as  contrasted  with  those  of  military  design. 
Accordingly,  our  principal  influence  on  ma¬ 
chine  design,  including  human  factors  engi¬ 
neering,  is  through  the  specification. 

In  exerting  this  influence  we  have  found 
that  general  requirements  for  good  human 
engineering  are  ineffectual,  and  that  specific 
requirements  are  necessary.  In  doing  this, 
the  following  areas  are  emphasized.  You  will 
find  that  most  of  these  areas  are  contained 
in  the  list  compiled  by  Woodsuu  as  a  guide 
to  designers.  * 

a.  Interchangeability  and  standardiza¬ 
tion. 

b.  Good  displays. 

c.  Positioning  of  assemblies. 

d.  Assembly  replacement. 

e.  Quick  fasteners. 

f.  Indexing  markings. 

g.  Access  doors. 

h.  Go,  No-Go  indicators. 

i.  Definition  of  marginal  and  sub-stand¬ 
ard  performance. 

j.  Accessibility  of  controls  and  adjust¬ 
ments. 

k.  Elimination  of  hazards, 

l.  Installation  of  warning  and  safety 
devices. 

m.  Color  codinu  nd  marking  of  circuits, 

n.  Minimal  servicing  requirements. 

o.  Reliability- -minimal  repair. 

However,  the  instilling  of  good  human 

factors  engineering  into  the  design  of  a  ma¬ 
chine  Is  not  always  successfully  accomplished 
through  the  specification.  In  that  case,  it  must 
be  introduced  after  the  design  phase.  The 
process  of  system  analysis  by  which  this  is 
done  consists  of: 

a.  Communication  with  producing  and 
using  act'vitfes. 

b.  Collection  of  statistical  data. 

c.  Evaluation  of  data. 

d.  Statistical  analysis  of  data. 

e.  Corrective  adjustment  of  the  system. 

The  analysis  is  performed  most  intensively 

in  the  production  phase  immediately  following 
design,  since  correction  of  the  machine  design 
can  be  made  most  quickly  and  at  the  least 
cost  at  that  time.  Whenever  possible,  the 
first  production  units  are  tested  and  subjected 
to  physical  review  concurrently  with  subse¬ 
quent  production,  and  adjustments  are  made  In 
production  through  a  feed- back  process  based 
upon  contractual  communication  channels.  At 
the  same  time,  the  other  element  of  the  man- 
machine  system  is  not  only  considered  In  the 


•Wesley  E.  Woodson,  I'.S.  Navy  Electronics  Lab,,  San  Diego, 
Cellt,;  Tele-Tech  end  Electronic  Ind.,  Vol.  1-»,  pp  8C-87,  Dec  19th, 


analysis  but  is  also  reftrired  to  make  changes 
to  bring  the  system  infs  control. 

The  man-element  of  the  man-machine 
system  sometimes  resists  changes  so 
strongly  that  adjustment  must  be  confined 
to  the  machine,  but  is  merry  cases  the  human 
proves  surprisingly  flexible  and  tolerates 
gross  errors  in  engineering  design  of  the 
machine.  There  ts  groat  temptation  to  take 
advantage  of  this  broad  human  capacity,  but 
it  is  dangerous  practice.  The  Army  must 
design  its  systems  to  meet  combat  and  other 
emergency  conditions,  ft  must  be  realised 
that  in  such  times  of  stress  the  human  ca¬ 
pacity  to  compensate  far  failings  in  the  design 
of  the  machine  is  decreased  markedly. 

Nevertheless,  tbs  hsman  element  ts  the 
more  responsive  and  ies  the  wider  range  of 
adjustment.  Accordingly,  extensive  use  is 
made  of  training  courses,  publications,  and 
personal  consultation.  Some  publications  tell 
the  operator  of  the  machine  how  to  make 
expedient  changes  in  dsnign.  Others  are  in 
the  form  of  official  msdUtcatton  work  orders, 
with  all  required  nuderials  and  torda  sup¬ 
plied. 

A  frequent  source  sf  difficulty  in  commer¬ 
cial  equipment  which  meat  be  corrected  after 
the  design  is  conflict  between  sa a#  of  opera¬ 
tion  and  sane  of  maletsesnce,  usually  to  tbs 
disadvantage  of  maintenance. 

The  reason  fur  theprevalent  neglect  of  eats 
of  maintenance  appears  to  be  tbs  assumption 
that  maintenance  te  performed  duringa much 
smaller  fraction  of  the  life  of  the  machine 
than  is  operation.  This  reasoning  envisions  a 
system  made  of  functional  elements,  varying 
throughout  the  life  tt  the  machine,  rather 
than  the  phyaical  elements  of  man  and 
machine  which  we  had  previously  considered 
to  be  the  system.  Both  aspects  of  the  system 
must  be  considered  is  order  to  obtain  valid 
results. 

Ststistical  analysis  of  the  functional  history 
of  some  machines  has  revealed  a  much 
greater  proportion  efthe  life  of  the  machine 
to  be  devoted  to  maintenance  than  ia  popularly 
assumed.  In  the  lives  of  some  machines  the 
maintenance  element  has  been  the  greatest 
of  ail  the  time  elements.  When  statistical 
data  of  this  nature  are  available  and  applied, 
ease  of  maintenance  taken  on  far  greater 
importance. 

In  dealing  with  mm  ef  maintenance  we  are 
dealing  with  the  servicing  and  adjustment 
which  Is  concurrentw&h  operation,  ae  well  as 
the  special  case  wherein  the  systc.n contains 
a  machine  which  is  isspsrative  or  operating 
outside  of  control  limits.  In  this  special  case, 
it  Is  important  to  consider  the  machine  as 
part  of  the  same  system,  rather  than  studying 
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the  machine  alone  or  making  it  part  of  a 
new  system  for  maintenance  purposes.  When 
new  elements  must  en;er  the  system  in  order 
to  achieve  repair,  the  original  definition  of 
the  system  is  invalidated  along  with  the  re¬ 
sults  uf  any  s»  sie?*.  .tualysis  based  upon  that 
definition. 

The  definition  of  the  man-machine  system 
which  le.irla  to  valid  results  includes  idle 
tin*-.?,  down  time,  storage  time:  all  operating 
p  r  o  c  e  dares,  environments  and  circum- 
stauics;  maintenance  and  supply  personnel; 
repair  parts  stocks,  any  applicable  mamtf- 
ninto  fiudi,  and  ary  substitute  machines; 
tools  and  test  and  support  equipment;  and  the 
financial  resources  of  the  system.  The  im¬ 
portance  of  treating  with  a  single  system 
which  is  a  ainplete  statistical  universe  in 
itself  luutitM  he  o%  er-empha sired. 

In  Seminary,  wii.it  has  been  described  in 
the  foregoing  is  hie  engineering  of  a  system 
with  emphasis  on  human  factors.  'I  he  im¬ 
portant  elements  wf  this  systems  engineering 
are  the  feed-back  mechanism  and  that  part 
of  the  analysis  and  evaluation  of  the  data 
which  encompasses  the  entire  system  as  a 
whole.  Our  performance  ofthis  systems  engi¬ 
neering  would  be  greatly  enhanced  by  changes 
in  current  Army  procedures. 

We  rely  heavily  on  deficiency  reports  for 
the  data  upon  w  hich  to  base  statistical  analy¬ 
sis.  Frequently,  such  reports  are  not  sub¬ 


mitted  at  all,  in  violation  of  regulations,  and 
those  which  ire  submitted  are  usually  delayed 
in  transmission  by  the  cumbersome  pro¬ 
cedures  now  required.  These  delays  are 
as  characteristic  of  the  electronic  data 
processing  report  cards  (required  for  air¬ 
craft  and  electronic  equipment)  as  they  are 
for  the  narrative  reports  required  by  AR 
700-38.  Furthermore,  the  reports  do  not 
yield  data  pertaining  to  the  performance 
of  the  whole  system,  but  a  re  confined  to  certain 
working  parts  and  mechanical  functions. 

What  is  needed  is  a  periodic  report  regard¬ 
ing  certain  selected  performance  variables 
which  ‘■•'ill  enahle  action  to  be  taken  prior  to 
the  system  going  out  of  control.  Such  data 
could  be  the  basis  for  Shewhart  charts  and 
similar  statistical  procedures  leading  to  the 
exercise  of  a  certain  amount  of  control  over 
the  system.  To  achieve  this  would  be  a 
significant  step  toward  the  ideal  of  a  true 
process  of  feed-back  wherein  variations  in 
the  output  of  the  system  would  cause  auto¬ 
matic  adjustments  in  both  the  men  and  the 
machine  to  maintain  statistical  cuutioi  and 
minimize  stoppages. 

A  study  of  the  Army  procedure  s  for 

product _ analysis  is  recommended  with  a 

view  toward  reporting  performance  of  the. 
complete  system  in  lieu  of  reporting  failure 
of  components,  and  particular  emphasis  on 
speed  of  communication. 
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VI.  REPORTS  OF  CONFERENCE  WORKING  GROUPS 

WORKING  GROUP  A 

Utilization  of  Available  User  Experience  Information 
During  Engineer  Design  Stage  of  New  Equipment  Development 

Colonel  E.  A.  Fossum,  USCONARC,  Chairman 

CONCLUSIONS: 

1.  Report*  of  Human  Engineering  failure* 
which  are  revealed  during  aervlce  teat  are 
frequently  too  late  to  be  of  any  value  or 
reault  in  costly  modification. 

2.  The  tranaltory  nature  of  the  mili¬ 
tary  aaaignr  ent  ayitem  cause*  con¬ 
fusion  because  the  user  guidance  pro¬ 
vided  by  one  military  project  officer  is  so 
frequently  contradicted  or  changed  by  his 
successor. 

1.  Oral  user  guidance  is  subject  to  fre¬ 
quent  misinterpretations,  misquotations,  and 
outright  repudiation. 

4.  Communication  through  normal  paper 
channels  Is  frequently  too  slow  to 
be  of  value  in  providing  user  guid¬ 
ance  when  Immediate  design  problems 
arise. 

RECOMMENDATIONS: 

1.  Developing  agency  personnel  should 
utilize  approved  user  guidance  which  Is  avail¬ 
able  In  b'ich  doc  iments  as  Combat  Develop- 


WORKING  GROUP  B 

"Training  of  Engineers  in  Application  of  Human  Factors 
Data,  and  Optimum  Utilization  of  Engineering 
Psychologists  In  the  Technical  Services" 

Dr.  Henry  Gaydos,  QM  RltE  Cmd,  Chairman 

1.  The  Working  Group  considers  the  prob¬ 
lem  of  training  in  this  field  to  Involve  three 
levels  of  requirement: 

a.  a  level  of  general  familiarity  with 
the  aima  and  methods  of  human  factors 
engineering  to  acquaint  officers  with  the 
nature  of  human  factors  considerations  In 
design. 

b.  a  level  of  that  greater  degree  of 
understanding  of  human  factor*  engineering 
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which  will  enable,  e.g.,  precise  specifica¬ 
tion  of  human  factors  in  desired  military 
characteristics  of  design. 

e.  a  level  of  advanced  technical  pro¬ 
ficiency  required  for  research  and  develop¬ 
mental  solutions  of  specific  design problemt. 

2.  The  Working  Group  recommend*  that 
these  levels  of  need  for  training  be  taken 
into  consideration  in  the  establishment  of 
Army  training  requirements  in  this  field. 


ment  Objectives  Guide,  US  CONARC  Test 
Board  reports  on  similar  and  related  items, 
etc. 

2.  Insofar  as  possible  user  guidance 
should  be  requested  and  furnished  In  for¬ 
mal  correspondence,  thus  Insuring  that 
it  is  valid  and  not  mere  personal 
opinion  of  one  individual.  When  it  is  neces¬ 
sary  to  provide  oral  user  guidance, 
written  confirmation  of  euch  guidance 
should  be  provided  immediately  there- 
sfter. 

3.  It  should  be  a  normal  required  pro- 
cecurs  for  developing  agencies  to  invite 
participation  of  using  agency  personnel  In 
evaluations  of  designs,  mock-ups,  and  pro¬ 
totypes,  as  appropriate. 

4.  Using  agency  representatives  (from 
US  CONARC  Headquarters  and  Test 
Boards)  should  be  empowered  whenever 
possible  to  speak  officially  for  their 
commend  at  steering  committee  end  de¬ 
sign  evaluation  meetings.  When  this  is 
not  possible,  they  should  be  required 
immediately  after  such  meetings  to  provide 
staffed  answers  to  questions  which  arise  at 
the  meetings. 


WORKING  GROUP  C 


Establishment  of  an  NRC  Committee  to  Select  and  Arrange 
for  English  Translations  of  the  Best  Foreign  Literature 
in  Human  Factors  Engineering 


Ur.  John  Kbbrick,  QM  R&E  Cmd,  Chairman 


I.  The  working  group  considers  that,  while 
such  translations  might  be  of  value  to  Army 
human  factors  research  and  development, 
formal  establishment  of  such  a  facility  re¬ 
quires  investigation  of  existing  agencies 
which  may  now  be  doing  related  work,  deter¬ 
mination  of  the  nature  and  scope  of  the  work 
to  be  done  and  specific  Army  requirements 


for  such  work,  and  consideration  of  the  best 
means  for  management  of  the  facility.  The 
working  group  lacks  information  on  these 
matters. 

2.  The  group,  therefore,  recommends  that 
the  Army  Chief  Psychologist  consider  the 
advisability  of  further  action  on  this 
matter. 


WORKING  GROUP  D 

Human  Factors  Contributions  to  Equipment 
Design  for  Night  Operations 

Col  Charles  W.  Hill,  MSC,  OTSG,  Chairman 


Current  Requirements. 

The  tactical  and  technical  troop  users  have 
requirements  for  improved  surveillance  and 
detection  or.  the  battlefield,  direction  and 
control  of  weapons  firing,  identification  of 
own  material  and  personnel,  and  communi¬ 
cations  in  group  or  team  functioning.  In 
addition,  there  is  the  concomitant  develop¬ 
ment  of  security  measures  for  the  equip¬ 
ments  that  are  developed  to  meet  the  above 
requirements. 

The  equipment  developers  and  designers 
have  requirement*  for  identification  mate¬ 
rials  and  devices  with  minimum  potential 
for  detection  by  the  enemy;  optimum  coding 
and  communication  symbols  and  configura¬ 
tions;  and  increased  range  and  resolution  in 
surveillance  and  detecting  equipment  such  as 
radar,  infra-red,  etc. 

Requirements  at  the  basic  supporting  level 
are  (1)  specific  visual  capabilities  and  limi¬ 
tations  under  limited  illumination,  (2)  spe¬ 
cific  visual  capabilities  and  limitations  with 
optical  and  electronic  equipment,  (3)  selec¬ 
tion  techniques  for  capabilities  related  to 
night  operation*,  and  (4)  training  methods  to 
increase  abilities  related  to  night  opera¬ 
tions.  •  t 

Current  Research. 

The  current  research  effort  designed  to 
meet  the  above  requirements  includes  the 
following  areas.  Equipments  for  extending 
the  perceptive  capabilities  of  human  indi¬ 
viduals  are  being  developed  with  special 
attention  to  searchlights,  infra-red  devices, 
artificial  moonlight,  radar,  night  binoculars, 
night  photography,  seismic  devices,  and  sound 
amplifiers.  Equipments  for  enhancing  en¬ 


vironmental  cues  include  radioactive  self- 
luminous  sources,  dim  electric  lights,  infra¬ 
red  lights,  and  braille  maps.  Under 
supporting  research,  projects  are  being  con¬ 
ducted  on  testing  devices  for  night  vision, 
training  methods  for  night  operations,  defini¬ 
tion  of  spatial  cues  in  areas  of  low  illumina¬ 
tion,  and  the  determination  of  detectability 
thresholds  for  specific  cue -enhancing  equip¬ 
ments. 


Recommendations. 


Research  could  well  be  devoted  to  the 
investigation  of  kinesthetic  space  similar  to 
the  work  now  going  on  with  regard  to  visual 
space,  to  the  definition  of  visual  abilities  of 
the  military  population,  to  the  interpretation 
of  non- visual  signals,  and  to  the  feasibility 
of  the  use  of  animals  as  detectors  and  guides. 
Supplementing  research  in  these  areas,  some 
value  could  be  obtained  by  reviewing  related 
research  results  in  other  arose  which  might 
be  pertinent  to  these  problems,  such  as  the 
electromagnetic  trail  which  was  developed 
for  use  in  Arctic  operations  and  might  also 
be  useful  in  night  operations. 

There  appears  to  be  a  need  for  improving 
the  communications  among  human  engineer¬ 
ing  research  and  supporting  or  related  re¬ 
search  agencies.  The  communication  contact 
between  users  or  operators  and  research  is 
adequate  in  general  although  there  are  some 
weak  spots  at  various  points  within  this 
system.  The  main  problem,  however,  is  one 
of  systematic  integration  of  efforts  within 
research  and  development  in  order  to  satisfy 
user  requirements  most  efficiently. 

Finally,  there  is  a  need  for  continuation 
of  the  activity  cf  the  Working  Group.  The 


Group  should  continue  to  operate  by  mail  and 
visits  as  the  opportunity  and  funds  permit, 
to  follow  up  on  a  mort  comprehensive  defi¬ 


nition  of  the  problem  and  to  insure  the 
advancement  of  the  various  recommenda¬ 
tions  presented  above* 


WORKING  GROUP  E 

Human  Factors  In  Design  for  Ease 
of 

Maintenance  of  Army  Materiel 

Mr*  Henryk  I.  Bukowski,  Engineer  Maintenance  Center,  Chairman 

1.  The  problems  faced  by  this  working  the  Human  Factors  Engineering  Council  ar- 

group  require  further  study  before  specific  range  for  continuing  study  ol‘  the  problem 

recommendations  can  be  presented.  by  this  group,  with  a  view  to  presentation  of 

2.  The  group,  therefore,  recommends  that  firm  recommendations  at  the  next  conference* 
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Vil.  INVITED  PAPER 


HUMAN  FACTORS  IN  SYSTEMS  ENGINEERING* 
Alphonse  Chapanis 

CeiMiiments  of  Psychology  and  Industrial  Engineering 
The  Johns  Hopkins  University 
Baltimore  18,  Maryland 


The  title  of  my  talk  is  sufficiently  broad 
that  one  could  easily  write  whole  books  on 
the  topic,  What  1  plan  to  do,  however,  is  to 
confine  my  attention  to  a  rather  narrow 
group  of  problems,  namely,  some  of  the 
human  factors  involved  in  the  design  of  auto, 
matic  and  semi-automatic  machine  systems. 

Some  Basic  Premises 

Within  the  last  few  years  there  has  been  a 
great  deal  written  about  automation.  Aa  1 
read  aome  of  this  literature  it  seems  to  me 
that  there  are  three  very  broad  generaliza¬ 
tions  we  can  make  about  the  subject.  Since 
these  arc  basic  to  what  I  shall  say  later,  I 
should  like  to  list  them  right  at  the  start: 

Automation  is  not  something  new.  The 
first  basic  premise  is  that  automation  is  not 
something  brand  new  in  engineering.  Indeed, 
in  1784  Oliver  Evans  built  an  entirely  auto¬ 
matic  factory  just  outside  Philadelphia--* 
continuous  process  flour  mill.  Not  long 
thereafter  in  Paris,  in  1801,  Joseph  Marie 
Jacquard  exhibited  an  automatic  loom  con¬ 
trolled  by  punched  paper  cards  similar  in 
tome  ways  to  the  punched  cards  now  used 
extensively  for  business  and  accounting  pur¬ 
poses.  His  loom  was  sc  successful  that  in 
IS! 2  there  were  11,000  of  them  operating  in 
France  alone.  For  years  now  we  have  had 
automatic  machinery  for  the  production  of 
screws,  paper,  glass  and  steel,  and  for  a 
thousand  other  purposes. 

Machines  have  become  much  more  com¬ 
plex _ and  much  more  versatile.  Although 

automation  is  not  something  new,  what  has 
been  happening  is  that  automatic  machines 
have  been  becoming  much  more  complex 
ard  much  mure  versatile.  Evans’  auto¬ 
matic  flour  mill  waa  a  tingle  process  ma¬ 
chine  system.  It  accepted  grain  at  the  input 
aide  and  produced  bags  of  flour  at  the  output 
aide.  But  this  was  all  it  could  do,  Some 
automatic  machines  today  can  accept  many 
different  kinds  of  inputs,  perform  alternative 
kinds  of  operations  on  these  inputs,  and 
present  the  results  In  different  ways.  In¬ 


creased  complexity  and  versatility  is,  1 
think,  the  distinguishing  characteristic  of  the 
automatic  machine  aystem  today. 

Automatic  machine  ayatema  still  use,  and 
will  continue  to  use,  human  operators.  This, 
1  think,  ia  the  most  important  premise  of  Mie 
three.  Although  many  machine  ayatema  in 
use  today  are  described  aa  fully  automatic, 
all  those  which  1  know  about  still  use  human 
operators  in  one  way  or  another.  Moreover, 
I  think  it  is  easy  to  overlook  or  to  be  misled 
about  the  amount  of  work  human  operators 
may  still  do  in  automatic  systems.  Since 
this  point  is  so  important  to  the  rent  of  my 
paper,  1  wculd  like  to  elaborate  on  it  here. 

Recently  1  read  in  an  engineering  journal 
(2)  about  ”...a  new  automatic  control  ays¬ 
tem. ..designed  to  give  the  ultimate  user 
increased  machine  productivity,  higher  ma¬ 
chine  speed  and  greater  accuracy  since  it 
eliminates  the  human  factor.”  This  sounded 
like  a  completely  automatic  aystem.  Yet  aa  1 
read  further  I  was  struck  by  the  number  of 
times  the  author,  perhaps  without  realizing 
it,  had  to  refer  to  human  operators  doing 
something  in  this  ’’automatic  system.”  Be¬ 
low,  I  shall  quote  certain  phrases  and  state¬ 
ments  from  this  article  to  illustrate  my 
point.  It  is  true  that  I  am  quoting  them  out  of 
context,  but  this  does  not  seem  entirely 
unfair.  I  have  underlined,  for  emphasis, 
those  activities  which  are  performed  by 
human  operators. 

“While  little  machine  modification  is 
necessary.. .It  is  particularly  suited  for 
control  of  production  machines  on  which 
a  moderate  number  of  pieces  of  one  type 
sre  to  be  made,  since  it  is  simple  to  change 
from  one  variation  of  product  to  another 
simply  by  providing  another  deck  of  direc¬ 
tor  cards. ..Machine  directions  that  would 
normally”  be  programmed. ..Standard  card 
processing  equipment.. .is  used  for  punch¬ 
ing,  sorting  and  stocking  the  cards. 
Positioning  "information  is  punched  into 
the  cardsT.. This  permits  the  operator  to 
read  directions  directly  from  the  card... 
The  cards  also  have  space  for. ..operator’s 
instructions... 


•  Thu  ts  an  elaboration  of  some  remarks  made  at  a  Symposium  on  the  Psychological  and  Social  Aspects  of  Automation  teld  at  tie  xvth 
faternatioaal  Congress  of  Psychology  in  Brussels,  Belgium,  on  3  August  ,9&7.  Prepsration  of  this  report  was  supported  under  Ccntract 
N5-orl-166.  Task  Order  I,  bei-een  the  Offtce  of  Naval  Research  and  The  Johns  Hopkins  University.  Heproductlon  In  wholeor  in  part  Is  per- 
mined  far  any  purpose  of  the  United  States  Oovemmert. 


**...thc  operator  initiates  the  control  and 
the  first  card  directs  the  table  motion... 
The  operator  then  clamps  the  steel  sheet 
on  the  table~an'd~'initiates  the  control  again. 

*'*yhe  positioning  information  can  be 
read  cl(  a  bluet>rini~or~' taT>le  of  coordi¬ 
nates.  The  remaining  information  punched 
(nto  the  card  includes  drawing  and  part 
numbers,  card  sequence  checking,  ma¬ 
chine  instructions,.  ..operator's  instruc¬ 
tions. ...etc, 

“If  power  is  removed  during  any  part  of 
a  cycle  it  is  only  necessary  to  push  the 
*Control  On*  button.., It  is  also  poss~ibFc~to 


running 

throuf 

;h  a  deck,  move  the  various 

motions 

(sfc) 

to  any  other  point;  and 

return  the  control  to  *Auto*...3y  reading 
the  cards  in  a  definite  order  the  machine 
operation  may  be  halted  at  specified  points, 
and  through  the  illumination  of  an  indicating 
tight  the  operator  is  told  to  check  his 
planning  card.*. If  for  any  .reason  the  se¬ 
quence  becomes  disrupted,  the  operator 
can  reset  the  sequence  to  any  desired 
number  by  means  of  manual  switches 
provided  on  the  control  console, * ' 

These  selections  do  not  exhaust  all  refer¬ 
ences  to  human  activities  in  this  system. 
But  I  hope  that  you  are  ieft  with  the  definite 
impression,  as  I  was,  that  there  is  still  a 
very  substantial  amount  of  human  control 
required  here.  To  be  sure,  the  operators  in 
this  system  are  doing  different  things  than 
the  conventional  skilled  machine-tool  opera¬ 
tor  does,  but  they  are  an  important  and 
integral  part  of  the  system  nonetheless. 
Notice  also  that  this  system  cannot  he 
operated  by  unrkilled  help.  Reading  blue¬ 
prints,  programming  the  operations,  recog¬ 
nizing  where  and  when  a  sequence  should  be 
reset--ali  these  activities  assume  a  high 
level  of  skill,  perhap*  even  a  higher  level 
than  that  required  for  conventional  machine 
shop  work. 

To  continue  with  a  somewhat  different 
thought,  I  think  we  should  be  careful  not  to 
confuse  remote  control  with  full  automaticity. 
In  many  guided  missile  and  drone  aircraft 
systems,  for  example,  the  human  operator 
is  still  in  the  control  loop.  He  is  merely 
sitting  on  the  ground  instead  of  in  a  cockpit. 
If  you  think  that  guided  missiles  are  fully 
automatic  systems,  count  the  number  of 
soldiers,  technicians  and  engineers  you  will 
find  stationed  at  a  typical  missile  installa¬ 
tion.  Essentially  the  same  is  true  of  robot 
tractors,  ships,  trains  (1 ),  and  other  vehicles. 

The  proportion  of  men  to  machine  units  is 
steadily  decreasing  in  modern  systems,  to 
be  sure,  and  operators  are  required  to  per¬ 
form  different  kinds  of  functions  than  they 
do  in  non-aut6matic  machine  systems,  but 
they  are  there  nonetheless.  Moreover,  I 
have  yet  to  find  any  engineer  who  seriously 
considers  dispensing  with  all  human  operators 


in  any  system  which  is  planned  for  the  fore¬ 
seeable  future.  It  is  this  fact- -the  fact  that 
operators  will  still  continue  to  be  used  in 
automatic  systems--which  makes  'his  field 
an  interesting  and  important  one  for  be¬ 
havioral  scientists. 


The  Field  of  Systems  Engineering 

In  the  United  States  today  there  is  gweat 
interest  in  systems  engineering.  One  finds  an 
increasing  number  sf  job  opportunities  avail¬ 
able  for  "systems  engineers**  and  a  few 
universities,  Johns  Hopkins  among  them, 
have  become  greatly  interested  in  setting 
up  courses  in  this  area.  Who  and  what 
Is  this  systems  engineer  and  why  do  I 
mention  him  in  connection  with  the  problem 
of  automation? 

Although  I  have  not  been  able  to  find  a 
universally  acceptable  definition  of  systems 
engineering,  1  think  it  is  fair  to  say  that  the 
systems  engineer  is  the  man  who  is  generally 
concerned  with  the  overall  planning,  design, 
testing,  and  production  of  today's  automatic 
and  semi-automatic  systems.  The  first  need 
for  this  kind  of  engineering  appeared  when  it 
was  discovered  that  satisfactory  components 
do  not  necessarily  combine  to  produce  a 
satisfactory  system.  Even  though  individual 
components  may  satisfy  all  specifications, 
very  often  the  system  as  a  whole  will  not 
work.  Complexity  of  our  modern  machine 
assemblage)*  has  apparently  created  the  need 
for  systems  design  and  systems  engineering. 
An  especially  important  point  is  that  people 
In  this  business  (13,  14)  seem  to  agree  that 
the  behavioral  sciences  have  something  to 
contribute  to  systems  engineering.  Why  Is 
this  so? 


Human  Factors  in  Systems  Design 

It  seem 8  to  me  that  the  important  human 
considerations  in  systems  engineering  can 
be  grouped  under  four  major  headings:  (a)  the 
allocation  of  responsibility  between  men  and 
machines,  (b)  the  synthesis  of  men  and 
machines  into  systems,  (c)  the  human  engi¬ 
neering  of  systems  components,  and  (d)  the 
evaluation  of  systems. 

Although  these  various  factors  are  not 
always  explicitly  recognized  and  identified, 
they  all,  I  think,  enter  into  every  system 
problem.  However,  the  relative  emphasis 
attached  to  each  ingredient  varies  with  the 
particular  system.  In  one,  considerations 
about  the  allocation  of  responsibility 
between  men  and  machines  may  be 
an  especially  important  part  of  the 
initial  planning.  In  another,  the  major 
psychological  contributions  can  be  made 
in  the  human  engineering  of  com¬ 
ponents. 


ALLOCATION  OF  RESPONSIBILITY  BE¬ 
TWEEN  MEN  AND  MACHINES 

In  planning  the  design  of  a  large  system.it 
seems  to  me  that  the  basic  question  which  has 
to  be  answered  by  designers  is  not  man  or 
automatic  machinery,  but  rather:  What  role 
should  the  human  be  assigned  in  the  system? 

Several  years  age,  a  number  of  us  got 
together  to  prepare  a  report  on  human 
engineering  for  air  navigation  and  traffic 
control  (7).  In  that  report  we  pointed  out 
that  it  was  possible  to  design  several  kinds 
of  control  systems  which  could  be  distin¬ 
guished  in  terms  of  the  degree  of  human 
participation  in  the  control  process.  At  one 
extreme,  primary  control  could  be  left  in 
the  hands  of  human  operators  who  are 
assisted  by  data  analysis,  transmission,  and 
display  equipment.  At  the  other  extreme  are 
those  systems  which  are  almost  “fully  auto¬ 
matic"  and  in  which  almost  every  function 
is  performed  by  machinery.  In  these  human 
operators  would  be  used  for  monitoring, 
checking  and  maintaining  the  machines.  Be¬ 
tween  these  two  extremes  systems  can  be 
designed  with  still  other  degrees  of  human 
participation.  Thus,  a  system  could  be  de¬ 
signed  so  that  its  major  work  is  performed 
by  semi-automatic  machinery  but  in  which 
the  human  operator  routinely  performs  cer¬ 
tain  critical  functions,  for  example,  planning 
and  decision-making. 

Although  the  engineer  may  not  always  con¬ 
sider  the  problem  in  precisely  these  terms, 
it  seems  to  me  that,  implicitly  or  explicitly, 
he  must  make  some  derision  about  the  role 
of  the  human.  Whrn  he  says  that  there  wi'l 
be  no  people  in  the  system,  what  he  usually 
means  is  that  human  operators  will  be  used 
solely  for  monitoring  and  maintenance.  But 
this  does  not  dispense  with  people;  it  merely 
moans  that  the  human  tasks  ate  different 
from  those  in  conventional  machine  systems. 

Rational  decisions  about  the  role  of  human 
operators  in  automatic  systems  can  be  made, 
it  seem  to  me,  only  by  considering  care¬ 
fully  some  general  characteristics  of  human 
performance  as  contrasted  with  those  of 
machine  performance.  Such  factors  as  alert¬ 
ness,  overloading,  fallibility,  flexibility, 
judgment,  information-handling,  and  so  on, 
have  to  be  viewed  from  the  standpoint  of  the 
requirements  of  the  system.  The  functions  to 
be  performed  by  the  system  must  be  listed 
and  evaluated  by  comparing  what  men  can 
do  better  than  machines,  and  vice  versa.  It 
is  Important  to  point  out,  however,  that 
mere  speculation  and  arm-chair  philosophis¬ 
ing  may  not  be  enough  to  provide  valid 
answers.  For  example,  1  read  with  interest 
about  a  research  program  recently  let  by 
the  Air  Force  to  the  Ryan  Aeronautical 
Company  (3).  One  of  the  basic  questions  to  be 
answered  is  this  one;  Exactly  what  balance 
of  automatic  and  manual  control  should  be 


provided  in  an  aircraft  cockpit?  The  solution 
in  this  case  is  being  sought  by  an  experi¬ 
mental  program  using  pilots  who  will  "fly" 
aircraft  simulator!  with  various  amounts  of 
automaticity. 

At  this  point  it  might  be  of  interest  to  see 
how  these  considerations  were  applied  in  a 
specific  case. 

The  RCA  Blzmac  Electronic  Accounting 
System.  Several  of  the  considerations  men- 
tioned  above  are  illustrated  very  well  in  the 
design  of  the  RCA  Bizmac  Electronic  Ac¬ 
counting  System- -said  to  be  the  largeet 
commercial  data-proceeeing  system  so  far 
constructed  (9.  11,  12).  The  installation 
covert  about  20,000  square  feet  and  consists 
of  35?  separats  equipment  units,  among  them 
12  major  electronic  machines  and  about  200 
oth  .  j.iy  automatic  or  semi-automatic 
equipments.  This  particular  development  was 
designed  for  the  job  of  maintaining  continuous 
and  rapid  stock  and  inventory  control  of  over 
250,000  catalog  items.  It  also  handles  all  the 
files,  orders,  receipts,  payments,  bills,  and 
aaeoclated  business  paper  work. 

One  of  the  first  and  moat  important  serins 
of  psychological  questions  occurred  at  the 
planning  stage.  It  was  at  this  stage  that  the 
systems  engineers,  in  co;  binetion  with  psy¬ 
chologists,  carefully  sorted  out  and  sepa¬ 
rated  the  function*  of  planning,  decision, 
execution,  end  monitoring.  The  results  of 
these  early  deliberation*  led  to  the  decision 
that  operator*  would  be  used  in  three  ways: 
(1)  for  purposes  of  planning  end  preparing 
the  work  (that  la,  for  programming  tn* 
work);  (2)  for  operating  the  system;  and  (3)  for 
maintaining  it.  The  task  of  the  first  group  of 
personnel  wee  to  specify  the  data-proceeeing 
Job  and  to  prepare  e  detailed  end  specific 
set  of  operating  instructions  for  the  job 
(that  is,  program  the  job).  The  task  of  the 
second  group  of  personnel  to  receive 
the  operating  instructions,  di-ert,  >  ontrol, 
end  monitor  the  processing  of  lata  through 
the  machines.  The  task  of  the  maintenance 
group  was  to  Inspect,  test,  and  repair  ma¬ 
chines  as  rsqulred. 

THE  SYNTHESIS  OF  MEN  AND  MACHINES 
INTO  SYSTEMS 

Having  decided  on  the  functions  which 
operating  personnel  will  have  in  a  system 
and  on  the  division  of  responsibility  between 
men  end  machines,  the  engineer  then  faces 
the  problem  of  integrating  thee*  personnel 
into  the  system.  By  this  I  have  in  raird 
something  much  more  general  then  the  human 
engineering  design  of  components  for  effi¬ 
cient  use--about  which  I  shall  speak  in  a 
few  moments.  Rather,  at  this  point  I  am  con¬ 
cerned  with  some  general  principles  about 
ways  in  which  men  and  machines  ohould 
complement  tach  other  in  automatic  or  semi¬ 
automatic  systems.  This  is  an  area  of 


human  engineering  which  has  not  received 
very  much  attention  by  psychologists  and  is 
one  which  interests  me  greatly.  Perhaps  the 
best  thing  (or  me  to  do  is  to  illustrate  what  I 
mean  by  an  example  of  what  I  consider  to  be 
a  general  principle  of  man-machine  systems 
design. 

The  principle  of  verification  through  inde¬ 
pendent  duplication.  As  wc  have  already 
seen,  in  planning  the  RCA  Bizmac  the  deci¬ 
sion  was  made  that  programming  of  data  into 
the  xyster  n  would  be  done  by  human  opera¬ 
tors  because  of  their  flexibility  and  because 
of  the  nature  of  the  input  data.  Yet  it  is 
generally  known  that  even  when  equipment 
has  been  well  engineered  for  maximum 
efficiency,  human  operators  still  make  mis¬ 
takes.  These  mistakes  may  run  something  on 
the  order  of  1%  or  2%,  depending  on  the 
particular  task.  The  accuracy  requirements 
of  this  electronic  accounting  system  were 
very  much  more  stringent  than  this.  How 
then  ts  it  possible  to  design  the  system  to 
make  use  of  the  flexibility  which  charac¬ 
terizes  human  operators  and  yet  to  provide 
the  extreme  accuracy  required? 

The  solution  of  this  problem  was  to  use 
two  operator-verifier  teams.  The  members 
of  each  team  make  identical  set-ups  on 
different  consoles.  Special  equipment  has 
been  designed  to  compare  the  output  of  the 
two  human  operators  and  to  accept  for 
processing  only  those  items  which  agree 
exactly.  Discrepancies  are  rejected  for  cor¬ 
rection.  Under  certain  conditions  this  tech¬ 
nique  will  reduce  the  error  rate  to  a  lew 
per  million  even  though  the  error  rate  for  a 
single  operator  may  be  one  in  a  hundred.  A 
somewhat  fuller  description  of  this  principle 
and  the  statistical  reason  why  it  works  so 
well  is  contained  in  a  recent  publication  of 
mine  (5). 

Time  does  not  permit  me  to  discuss  any 
more  of  these  general  principles.  Let  me 
just  mention  two  others:  (1)  Machines  should 
monitor  men  so  that  critical  human  deci¬ 
sions  do  not  violate  basic  safety  or  opera¬ 
tional  rules.  (2)  The  system  as  a  whole 
should  be  designed  for  efficient  fault  loca¬ 
tion. 

THE  HUMAN  ENGINEERING  OF  SYSTEMS 
COMPONENTS 

There  is  usually  a  lot  of  human  engineer¬ 
ing  work  to  be  done  on  the  components  of 
automatic  and  semi-automatic  machine  sys¬ 
tems.  These  fall  into  two  rather  broad 
classes  which  1  should  like  to  consider 
separately. 

The  design  of  components  for  operator 
use.  Since  automatic  systems  do  no>  really 
dispense  with  human  operators  we  can  see 
the!  there  is  ample  opportunity  for  the  human 
engineering  design  of  the  mscMre  compo¬ 
nents  with  which  these  operators  must  work. 


So  much  material  has  been  written  about 
ordinary  human  engineering  problems  that  I 
shall  not  dwell  on  them  here.  Rather  I  shall 
illustrate  how  human  engineering  was  car¬ 
ried  out  in  the  design  of  the  components  for 
the  RCA  Bizmac  system.  Some  of  the  high¬ 
lights  are  these:  The  control  room  was 
carefully  designed  to  make  the  working  en¬ 
vironment  pleasant.  Colors  and  materials  for 
floors,  walls,  and  ceilings;  lighting:  and  the 
arrangement  of  all  consoles  and  desks  was 
designed  so  that  the  room  would  be  quiet  and 
pleasant  to  work  in. 

In  addition,  particular  attention  was  paid  to 
the  design  of  operator  consoles  for  rapid  and 
efficient  human  use.  The  controle  and  indi¬ 
cators  for  each  machine  were  first  divided 
into  two  classes,  operation  and  maintenance; 
where  possible,  they  were  grouped  sepa¬ 
rately.  The  operating  panel  was  made  easily 
accessible  to  the  operator,  as  was  the  main¬ 
tenance  panel  to  the  maintenance  man.  But 
over  and  above  such  simple  and  obvious 
human  engineering  features,  the  design  of 
the  consoles  make  use  of  all  the  established 
human  engineering  design  principles  ons 
can  find  in  any  of  several  sources.  Controls 
are  grouped  functionally;  their  arrangement 
and  meaning  are  standardized  throughout  the 
entire  system  so  that  operators  can  switch 
readily  from  one  console  to  another;  con¬ 
trols  and  indicators  are  arranged  in  the 
sequence  in  which  they  are  normally  used; 
color  coding  ia  used  throughout;  special 
attention  was  given  to  the  legibility  of  lsbels 
and  indicators;  the  controls  end  thsir  place¬ 
ment  are  carefully  designed  on  the  basis  of 
anthropometric  considerations;  and  finally 
the  punched  cards  which  are  used  in  the 
system  are  designed  so  that  the  information 
coded  on  them  is  arranged  in  the  same  pat¬ 
tern  as  the  controls  on  the  consoles. 

The  RCA  Bizmac  system  makes  more 
extensive  use  of  human  operators  than  many 
other  systems  do.  However,  I  want  to  em¬ 
phasize  that  even  if  the  only  function  of  the 
human  operator  is  to  monitor  Ihe  system  and 
take  over  in  emergencies,  this  does  not 
dispense  with  the  need  for  human  engineering. 
On  the  contrary,  it  Intensifies  the  problem. 
When  the  operator  has  nothing  to  do  for  long 
periods  of  time,  it  is  difficult  to  keep  him 
alert  and  responsive.  Yet  if  he  is  to  take 
over  in  an  emergency  be  should  have  infor¬ 
mation  about  the  past  history  of  the  per¬ 
formance  of  the  system,  what  ails  it,  and 
what  he  should  do  to  overcome  the  difficulty. 
Designing  displays,  emergency  signals,  con¬ 
trol  consoles,  and  operating  procedures  for 
such  conditions  taxes  the  ingenuity  of  both 
the  engineer  and  psychologist. 

The  design  of  components  for  maintenance. 
One  consequence  of  the  growth  of  semi- 
autematic  systems  is  that  problems  of  main¬ 
tenance  are  becoming  increasingly  more 
severe.  Javltz  has  recently  prepared  a  survey 


of  the  present  state  of  human  engineering  in 
American  industry  (10).  This  is  an  especially 
interesting  report  because  the  author  is  not 
himself  a  human  engineer  or  psychologist  and 
because  in  preparing  his  report  he  contacted 
a  very  large  number  of  persons  in  academic 
institutions,  consulting  organizations  and  in¬ 
dustries. 

One  topic  which  keeps  appearing  throughout 
his  report  is  that  of  maintenance.  It  occurs 
not  only  wi'.h  respect  to  large  systems  of 
machines,  but  throughout  the  full  gamut  of 
modern  instruments  and  devices.  He  cites, 
for  example,  a  report  from  the  Consumer 
Service  Division  of  the  Detroit  Edison  Com¬ 
pany  on  the  excessive  amount  of  servicing 
and  repairs  on  both  small  and  major  ap¬ 
pliances.  In  one  year,  1953,  this  company 
had  to  repair  600,000  small  appliances.  One 
in  every  7.5  toasters  in  the  Detroit  area, 
one  in  every  9  clocks,  and  one  in  every  5 
coffeemakprs  required  some  type  c!  repair. 
One  of  the  major  criticisms  arising  from 
this  picture  concerned  the  design  of  the 
equipment  from  the  standpoint  of  its  main¬ 
tainability .  In  tume  instances  appliances 
had  to  be  taken  apart  completely  to 
replace  something  *»  trivial  »•  a  pil"» 
light. 

The  problem  of  maintenance  has  become 
sufficiently  important  to  the  military  buyers 
of  complex  equipment  that  some  ofthemhave 
begun  to  write  human  engineering  clauses 
into  their  contracts.  For  example,  specifi¬ 
cations  for  equipment  developed  for  the 
Signal  Corps  contain  a  atandard  paragraph 
requiring  the  contractor  to  apply  human 
engineering  principles  to  the  design  of  the 
equipment.  This  requirement  mentions  aav- 
eral  different  human  engineering  factors  and, 
in  particular,  specifically  require*  the  con¬ 
tractor  to  consider  “human  space  limitations 
for  operation  snd  maintenance.**  (The  em¬ 
phasis  is  mine.) 

The  picture  is  not  completely  negative, 
however.  In  discussing  the  RCA  Biamac 
system  1  pointer'  out  how  maintenance  func¬ 
tion*  were  carefully  designed  into  it.  Another 
company  that  hat  s  good  record  in  this 
respect  is  the  telephone  company.  Because 
it  is  responsible  for  its  own  maintenance 
the  telephone  company  in  America  seems  to 
have  been  more  alert  to  the  problems  of 
maintenance  than  many  other  Industries.  New 
developments  for  the  telephone  system  fre¬ 
quently  give  maintenance  considerations 
prominence  equal  to  that  given  other  kinds 
of  considerations. 

It  would  be  Impossible  for  me  to  give  you 
a  complete  picture  of  the  kinds  of  recom¬ 
mendations  which  can  be  made  about 
the  design  of  equipment  for  mainte¬ 
nance.  1  would  like,  however,  to  call 
attention  to  two  publication*  which  dis¬ 
cuss  these  problems  in  some  detail 
(4,  8). 


SYSTEMS  EVALUATION 

The  fourth  and  final  area  in  which  human 
factors  become  involved  in  systems  engi¬ 
neering  is  in  the  evaluation  of  eyetems. 
Most  current  definitions  of  systems  engi¬ 
neering  emphasise  the  importance  of  evaluat¬ 
ing  the  entire  system  before  it  is  actually  put 
into  production.  As  we  have  already  seen, 
many  syetems  Include  a  human  operator  as  a 
vital  part  of  the  system.  Thus,  any  reasonable 
attempt  to  evaluate  the  performance  of  the 
system  must  include  an  evaluation  of 
the  performance  of  the  human  operator 
working  with  the  equipment  provided 
him. 

An  illustration  is  provided  by  the  Bismac 
system  to  which  1  have  already  referred  on 
several  occasions.  When  the  system  was 
fairly  well  along  in  its  design,  tests  were 
set  up  and  run  under  simulated  operating 
conditions:  (1)  to  test  the  operating  condi¬ 
tions;  (2)  to  get  some  measure  of  operator 
load  at  the  various  operating  positions;  (3)  to 
ace  what  the  effects  of  equipment  breakdown 
were  on  overall  system  performance,  and  (4) 
to  get  some  Indication  of  the  adequacy 
of  the  proposed  operator  and  machine  com¬ 
bination. 

It  would  be  easy  to  multiply  examples  of 
this  sort,  but  I  think  perhaps  my  point  is 
clear.  System*  engineers  are  frequently 
responsible  for  designing  and  running  testa 
on  complicated  man-machine  combination*. 
Those  who  have  actually  run  tome  appre¬ 
ciate  that  such  tests  are  much  more  com¬ 
plicated  than  doing  ordinary  engineering 
evaluation*.  People  differ,  and  testa  run 
un  one  subject  may  not  be  at  all  typical  of 
the  performance  of  the  average  person. 
People  learn  during  the  course  of  an  experi¬ 
ment;  often  they  become  bored  or  fatigued; 
they  are  sensitive  to  the  kinds  of  instructions 
which  precede  the  experiment  and  to  words 
of  praise  or  reproof  given  during  it;  they 
interact  with  the  experimenter  in  strange 
and  sometimes  unexpected  ways  -  -they 
may  try  to  outguess  the  experimen¬ 
ter,  or,  on  occasions,  may  deliberately 
sabotage  the  outcome  of  the  test*. 
These  and  still  other  factors  must  be 
anticipated  and  controlled  if  the  results 
of  man-machinc  experiments  are  to  be 
trusted. 

Psychologists,  of  course,  have  been 
face  to  face  with  thee*  problems  for 
years  and,  in  the  course  of  their 
work,  have  evolved  techniques  for  han¬ 
dling  many  of  them.  For  this  reason 
it  is  perhaps  not  surprising  to  find 
that  psychologists  are  frequently  con¬ 
sulted  for  their  advice  on  problems  of 
technique  and  methodology.  A  monograph  (6) 
I  prepared  recently  is  an  attempt  to  puli 
together  some  of  this  information  into  a 
single  source. 
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Summary 

In  summary,  I  hav*  tried  to  give  you  my 
impressions  of  some  of  the  human  factors 
involved  in  the  design  of  automatic  and  semi¬ 
automatic  machine  systems.  1  hope  first 
that  I  have  been  able  to  show  >ou  that  there 
are  still  a  substantia!  number  of  human 
problems  in  most  such  system*.  A  success¬ 
ful  autom  itic  system  requires  '.hat  the  engi¬ 
neer  careully  consider  the  role  of  the  human 
operator  and  how  he  is  designed  into  the 
system.  Second,  I  hope  that  I  have  been  able 
to  sugges:  why  the  human  factors  specialist 
is  often  considered  a  member  of  the  systems 
design  team  an:l  in  what  ways  he  can  contrib¬ 
ute  to  the  important  and  challenging  task  of 
designing  new  systems  for  our  automatic 
world  of  tomorrow. 
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VI  !.  GENERAL  CHAIRMAN’S  SUMMARY  OF  THE  CONFERENCE 

SUMMARY  OF  PREVIOUS  CONFERENCE  RECOMMENDATIONS 
AND  ARMY  ACTIONS  THEREON.  1  OCTOBER  1957 

By  Dr.  Lynn  E.  Baker.  U.  S.  Army  Chief  Psychologist,  OCR&D 


As  is  customary  at  thcs*  meetings  it  is  my 
pleasure  to  render  a  summary  report  of 
aet;OT:c  taken  in  response  to  your  previous 
recommendations.  This  summary  will  appear 
in  the  usual  tabular  form  in  the  Conference 
Report.  You  will  note  .from  the  following 
table  that: 

1.  Wo  are  continuing  action  on  the 
human  factors  engineering  Guide  for  Design 
Engin.c  r  s . 

2.  We  have  taken  action  to  arrange 
short- course  training  in  human  factors  en¬ 
gineering  at  Ohio  State  University  and  McGill 
University  for  6  officers  in  1957;  and  propose 
to  arrange  establishment  of  standing  quotas 
for  future  years. 

3.  Both  Ordnance  Corps  and  The  Surgeon 
General  Corps  have  taken  action  appropriate 
to  your  recommendations  for  human  factors 
engineering  observations  during  Arctic  and 
icecap  ope  rations. 

4.  Action  H  underway  to  establish,  by 
Army  Regulation,  a  permanent  Council  for  the 
planning  and  coordination  of  human  factors 
engineering  conference  matters. 

As  respects  the  present  conference,  the 
members  of  the  Human  Factors  Engineering 
Conf  -ence  Committee  have  been  canvassed 
for  their  views  as  to  its  "highlights.**  The 
concensus  of  their  views,  which  largely  cor¬ 
responds  with  the  intentions  of  the  planning 
for  this  Conference,  is  that  the  lollowing  are 
"highlights*': 

1.  Dr.  Edson’s  keynote  address,  which 
calls  for  new  departures  from  the  beaten 
path; 


2.  the  USCONARC  presentations,  which 
outline  the  tactical  doctrinal  basis  for  aU 
Army  research  and  development; 

3.  Cut  Maurice  Fletcher’s  presentation 
on  prosthetics  developments,  which  gives 
emphasis  to  Dr.  Edson’s  address  by  indicat¬ 
ing  a  most  important  direction  in  which  new 
departures  appear  feasible. 

4.  Dr.  Chapanis*s  paper  on  human  fac¬ 
tors  in  systems  engineering,  which  at  last 
gives  some  rational  specification  to  pre¬ 
viously  vaguely  understood  notions. 

Finally,  there  are  a  number  of  people 
who  should  be  named  as  having  earned  our 
gratitude  for  the  skill  and  care  which  they 
exerted  to  assure  the  success  of  this  Con¬ 
ference.  In  addition  to  our  host.  General 
Calloway,  our  thanks  go  unreservedly  to: 

Lt  Col  Rhode,  for  his  executive  over¬ 
view  of  all  arrangements; 

Captain  Bridges,  who  arranged  our  hotel 
accommodations 

Captain  Rita  Smith,  WAC,  who  arranged 
our  messing  and  "social"  facilities; 

Messrs.  George  Danton  and  Nick  Guido, 
who  handled  our  photographic  and  pro¬ 
jection  facilities; 

Mr.  Hugh  McCraven,  who  handled  our 
technical  services;  and 

Mr.  Reardon  and  all  of  the  Conference 
stenographers,  who  did  their  work  dur¬ 
ing  and  after  our  sessions  to  give  us  a 
record  of  our  accomplishments. 

To  all  of  these,  and  more,  goes  a  rising  vote 
of  thanks  as,  at  six  minutes  after  2:00  p.m. 
the  Conference  is  Adjourned. 
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StJM.MAK  y  II  U’OHT  ro  Jrd  ANNUAL.  AR  Ml  HUMAN  FACTORS  ENGINEERING  CONFERENCE 
ON  MAJOR  RECOMMENDATIONS  OF  ARMY  ENGINEERING  PSYCHOLOGY  CONFERENCE 
Army  Medical  Research  Laboratory,  Ft.  Knox,  Ky.  ,  7-9  Nov  1956, 

AND  ON  AC  TIONS  RESULTING  THEREFROM 


H- ECO ?»I M K N DA  i’iON 

AC  TIONS 

TARGET 

TAKEN 

TO  BE  TAKEN 

DATE 

J.  Augment  Army 
participation  by 
working  design  en¬ 
gineers  from  the 
Army  Technical 
Services  in  JSS 7  pre¬ 
paration  of  UicFtimuii 
Engineering  Guide  for 
Design  Engineers. 
(Cnnft*  ren»:c  Repnr*, 
"Army  Human  En¬ 
gineering  Coufe  t  - 
enrn,  "the  Pentagon 
14-15  Dec  55, 
page  15) 

D/ F  from  C.ftihi)  rn  ixjMG, 
C/Ord,  CSigO,  C/Engrs,  CCmlO, 
h  C/T,  dtd  ii  Ivlar  56,  subj: 
"Joint  Services  Steering  Com- 
mif»'*e  for  the  Human  Engineering 
Guide  t«  Equipment  Design"  re¬ 
quests  designation  of  represent¬ 
atives  for  review  of  "Guide" 
chapters  who  are,  or  have  avail¬ 
able  to  assist  them,  working  de¬ 
sign  engineers, 

b.  Letter  from  Army  Member,  to 
Chmn,  Exec  Council  of  JSSC  dtd 

3  May  56,  subj:  "Army  Partici¬ 
pants  in  Human  Engineering 
Handbook  Review,  "  based  on  re¬ 
plies  to  above,  informs  all  con¬ 
cerned  of  Army's  designated  tech 
service  participants  K  authorizes 
procedures  for  direct  contact. 

Based  on  Army  re¬ 
views  (info  cys  to 
OC/R&D;  of  "Guide" 
chapters,  monitor 
production  of 
"Guide"  via  Exec. 
Council,  JSSC 

Continuing 

Z.  inv  tc  CONAKCa 
consideration  of  t.he 
advisability  of  its 
Boards  *  participating 
in  the  work  of  the 
Committee. 
(Conference  Report, 
"Army  Human  En¬ 
gineering  confer¬ 
ence,"  the  Pentagon 
14-15  Dec  55, 
page  15; 

a.  L  tr  fr  C/R&D  to  CONARC  dtd 

7  May  56,  subj:  "Participation  of 
CONARC  Boards  in  Work  of  the 
JSSC  for  the  Human  Engineering 
Guide,  "  outlines  the  problem  & 
requests  CONARC  emts  on  ad¬ 
visability  of  participation  by 
COMARC  Bds  in  critical  review 
of  Guide  chapters. 

b.  1st  Ii.d  fr  CONARC,  dtd  29  Jun 
56,  concurs  ir.  participation  of 
CONARC  Bds  (including  Arctic 
Test  Br,  Ft  Greely,  Alaska;,  & 
suggests  channel  for  action. 

c.  Memo  dtd  19  Jul  56  fr  Army 
Mbr,  Exec  Council,  JSSC  to  its 
Chmn,  subj:  "Army  Participants 
in  Hum  Engr  Handbook  Review" 
establishes  channel  per  CONARC 
suggestion. 

Same  as  I . ,  above  ' 

Continuing 

: 

3.  Establish  Army 
Human  Factors  En¬ 
gineering  Conference 
on  an  Annual  Basis 
(Conference  Report 
"Army  Human  En¬ 
gineering  Confer¬ 
ence"  the  Pentagon, 
14-15  Dec  55, 

r*«*  **J 

Human  Factors  Engineering 
Conference  Committee  (HFECCj 
established.  (See  Appendix  2  for 
documentation,  Terms  of  Ref¬ 
erence,  and  membership. ) 

Establish  HFEC 
Council  as  perma¬ 
nent  agency  in  Army 
Regulations. 

1  Jan  1958 
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recommendation! 

ACTIONS 

TARGET 

DATE 

TAKEN 

TO  BE  TAKEN 

4.  Establish  a  work¬ 
ing  group  to  deter¬ 
mine  content,  quali¬ 
fication*,  h  pro¬ 
cedures  foi  training 
of  officers  in  human 
factors  engineering. 
{Rpt,  2nd  Annual 
Army  Engineering 
Psychology  Confer¬ 
ence,  7-9  Nov  5t», 
page  21) 

No  action  deemed  advisable  at 
this  time. 

5.  "There  arc  re¬ 
quirements  for  R?»  D 
personnel  to  observe 
human  performance 
...  during  Arctic  and 
icecap  operations.  " 
(Report,  Ibid,  page 

11} 

Human  Engineering  Laboratory, 
OrdC,  has  established  as  normal 
procedure;  TSCi  planning  action 
for  present  season. 

6.  . .  Develop  a 

methodology  for  de¬ 
termining  the  cost 
differential  (cent  ex¬ 
pressed  in  broad 
terms  such  as  man¬ 
power  required, 
dollars,  time,  etc.) 
resulting  from  human 
engineering  changes. " 
(Report,  Ibid,  page 
22) 

No  action  deemed  advisable  at 
thi  s  time . 

1 

7.  OCRfcD  investi¬ 
gate  possibilities  of 
Army  officers'  at¬ 
tending  short  course 
in  human  factors  en¬ 
gineering. 

(Report,  Ibid, 
page  21) 

Summer,  1957;  2  officers  to 
short  course  at  McGill  Univer¬ 
sity;  4  officers  to  short  course 
at  Ohio  State  University. 

Establish  further 
c  uotas  for  such 
training  in  1958 
et  seq. 

March  1958 
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APPENDIX  ! 

ALPHABETICAL  ROSTER  OF  CONFEREES  AND  GUESTS 


NAME 

ORGANIZATION 

AIKEN,  Mr.  Marshall  D. 

OCSigO,  Washington.  D.  C. 

ALLEN,  Col.  William  J. 

Army  Chemical  Center,  Maryland 

ALLUISI,  Capl.  Lari  A. 

U.  s.  Army  Medical  Research  Laboratory, 
Fort  Knox,  Ky. 

ANDREWS,  Mr.  Roberts.  Jr. 

QM  RAE  Field  Evaluation  Agency, 
Fort  Lee,  Va. 

BAILEY.  Di.  John  W. 

Transportation  RID  Command, 

Fort  Eustia,  Va. 

BAKER,  Dr.  C.  H. 

Defence  Research  Board,  Ottawa,  Canada 

BAKER,  Dr.  Lynn  E. 

Office,  Chief  of  RAD,  Dept  of  the 
Washington,  D.  C. 

Army 

BAKER,  Dr.  Robert 

Human  Reeourcea  Research  Office, 
Fort  Knox,  Ky. 

BATES,  Col.  Raymond  H. 

CONARC  Board  Nr,  5,  tort:  Bragg, 

N.  C. 

BESSEY,  Dr.  Otto  A. 

QM  RAE  Center,  Natick,  Maea. 

BOARDMAN,  Mr.  W.  J. 

QM  RAE  Center,  Natick.  Maea. 

BUKOWSKI,  Mr.  Henryk  J. 

Engineering  Maintenance  Center. 
Columbus.  Ohio 

BURKHALTER,  Lt.  T.  H. 

QM  RAE  Center,  Natick,  Mass. 

CALDWELL,  Dr.  Lee 

U.  S.  Army  Medical  Research  Laboratory, 
Fort  Knox,  Ky. 

CALLOWAY.  Brig.  C.en.  C.  G. 

Commanding  General,  Hq  QM  RAE 
tnand,  Natick,  Mass. 

Com- 

CAPASSO,  Mr.  N.  S. 

HQ  US  Army  Chemical  Corps, 
Washington,  D.  C. 

CARNEY,  Mr.  William 

Detroit  Arsenal,  Centre  Line,  Mich. 

CHAPANIS,  Dr.  Alphonse 

Johns  Hopkins  University,,  Baltimore,  Md. 

CONWAY,  Brig.  Gen.  T.  J. 

Office,  Chief  of  RAD.  Dept  of  the 
Washington,  D.  C. 

Army 

CRAWFORD,  Dr.  Meredith  P. 

Director,  Hunan  Resources  Research  Office, 
Washington  T,  D.  C. 

DAMON,  Dr.  Albe-rt 

Harvard  School  of  Public  Health, 
Boston,  Maas. 

DAVEY,  Dr.  Earl 

Army  Chemical  Center,  Maryland 
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DeTOGNI,  Mr.  G.  R. 
DOMEY,  Dr.  R.  G. 

DUSEK,  Dr.  E.  Ralph 
EDSON,  Dr.  Junes  B. 

ERNST,  Mr.  H.  W. 

El  LIPPI,  Dr.  M.  J. 

HNE,  Dr.  B.  J. 

FLETCHER,  Capt.  John 

FLETCHER,  Cot.  Maurice  J. 

FOSSUM,  U.  Col.  E.  A. 
GAYDOS,  Dr.  Henry  F. 
GILLEN,  Capt.  Frederick  R. 
GOLDSMITH,  Mr.  C.  T. 
GRAHAM,  Mr.  Donald  I.  Jr. 
GRIFFITH,  Mr.  Paul  E. 
HANSEN.  Mr.  Alfred  A.  E. 

HARKER,  Dr.  George  S. 

HARPER,  Mr.  Walter  R. 

HARRIS,  Dr.  Frank  J. 

HASTINGS.  Mr.  Dwight  L. 
HEIDEL,  Mr.  William  E.  Jr. 
HIGHT,  Lt.  Col.  James  L. 
HENNEMAN,  Dr.  Richard 
HENSCHEL,  Dr.  Austin 
HICKS,  Col.  Herbert  C.  Jr. 
HILL,  Col.  Charles  W. 

HOYT.  Dr.  Ruth 
IDES,  Mr.  Martin 
JONES,  Mr.  Clarke  E. 


Watervliet  Arsenal,  Watervliet,  N.  Y. 

Harvard  School  of  Public  Heatth, 

Boston,  Mass. 

QM  RLE  Center,  Natick,  Mass. 

Asa't  to  Director  of  RfcD,  D/A, 

Washington,  D.  C. 

Watertown  Arsenal,  Watertown,  Mass. 

Office  of  Chief  Chemical  Officer, 
Washington,  D.  C. 

QM  RfcE  Center,  Natick,  Mass. 

U.  S.  Army  Medical  Research  Laboratory, 
F ort  Knox,  Ky . 

Army  Prosthetics  Research  Laboratory. 
WRAMC,  Washington,  D.  C, 

Hq  USCONARC  (MD),  Fort  Monroe.  Va. 

QM  RltE  Center,  Natick,  Mass. 

Hq  Air  RAD  Command,  Baltimore,  Md. 

Ficatieay  Arsenal,  Dover,  N.  J. 

Redstone  Arsenal,  Huntsville,  Alabama 

USASEL,  Fort  Monmouth,  N.  J. 

Ordnance  Tank  Antarctic  Command, 

Centre  Line,  Michigan 

U.  S.  Army  Medical  Research  Laboratory. 
Fort  Knox,  Ky. 

Defence  Research  Board  Member, 
Washington,  D.  C. 

Operations  Research  Office, 

Washington,  D.  C. 

QM  RltE  Center,  Natick,  Masai 

Rock  Island  Arsenal.  Rock  Island,  Illinois 

AFDRD,  Washington,  D.  C. 

University  of  Virginia,  Charlottesville,  V*. 

QM  RltE  Center,  Natick,  Mass. 

O/C  RAD,  Washington,  D.  C. 

RltD  Division,  OTSG,  Washington,  D.  C. 

Dept  of  National  Defence,  Ottawa,  Canada 

USASEL,  Fort  Monmouth,  N.  J. 

QM  RltE  Center,  Natick,  Mass. 
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JONES,  Mr.  Harold  S. 
JOSEPHSON,  Dr.  Edward  S. 
KARR,  Mr.  A.  Charles 
KATCHMAR.  Dr.  L.  T. 

KOBUICK,  Dr.  John  L. 
KRAEMER,  Dr.  Alfred 

LANDSBEUG,  Mr.  M.  L. 
LANZALGTTl,  Mr.  Samuel  J. 
LEVIN,  Mr.  A. 

UPTON,  Mr.  Milton  A. 
LOREN7.EN,  Mr.  T.  G.  Jr. 

LUND,  Dr.  Max  W. 

LYMAN,  Dr.  John 

MAHONE,  Maj.  Nelson  A. 
MARKS,  Lt.  Col.  R.  L. 

MATTHEWS.  Col.  Jack  D. 
MAZZUCCH1,  Maj.  Reno  A. 
McGINNIS,  Dr.  John  M. 

MEAD,  he.  Leonard  C. 
MELTON,  Dr.  Arthur  W. 

MENDENHALL,  Capt.  Robert  L. 
MIDDLE  WORTH,  Col.  H.  V. 
MITCHELL,  Col.  Philip  H. 
MONTAGUE,  Lt.  Col.  Ernest  K. 

MORGAN,  Mr.  I.  B. 

PETERSON,  Mr.  Ar'old  C. 
PFAFFMANN,  Dr.  Carl 
RECHEL,  Mr.  Lrnest 
REDFEP;;,  Mr.  Robert  E. 


QM  RttE  Center,  Natick,  Maas. 

QM  RttE  Center,  Natick,  Maae. 

Frankford  Arsenal,  Philadelphia,  Pa. 

Ordnance  Human  Engineering  Laboratory, 
Aberdeen  Proving  Ground,  Md. 

QM  RttE  Center,  Natick,  Mass. 

Human  Resources  Research  Office, 

Fort  Knox,  Ky. 

QM  RttE  Center,  Natick,  Mass. 

USASEL,  Fort  Monmouth,  N.  J. 

QM  RLE  Center,  Natick,  Mass. 

USASEL,  Fort  Monmouth,  N.  J. 

Ordnance  Weapons  Command, 

Rock  Island  Arsenal,  Illinois 

US  Naval  Electronics  Laboratory, 

San  Diego  92,  California 

University  of  California, 

Los  Angeles  24,  California 

USCONARC  Avn.  Bd.,  Fort  Rucker,  Alabama 

Medical  Liaison  Officer,  British  Joint  Serv¬ 
ices  Mission,  Washington,  D.  C. 

USCONARC  Inf.  Bd.,  Fort  Bennlng,  Georgia 

USCONARC  Arty.  Bd.,  Fort  Sill,  Okla. 

QM  RttE  Center,  Natick,  Mass. 

Tufts  University,  Medford,  Mass. 

University  of  Michigan 
Ypeilantl,  Michigan 

QM  RltE  Center,  Natick,  Mass. 

Kq  USCONARC  (CD),  Fort  Monroe,  Va. 

OASDfRkE),  DOD,  Washington,  D.  C. 

U.  S.  Army  Medical  Research  Laboratory, 
Fort  Knox,  Ky. 

Office  of  Chief  Chemical  Officer 
Washington,  D.  C. 

USASEL,  Fort  Monmouth,  N.  J. 

Brown  University,  Providence,  R.  1. 

Frankford  Arsenal,  Phila.  Pa. 

USASEL,  Fort  Monmouth,  N.  J. 


REVESMAN,  Dr.  Stanley 

RIOPELLE,  Dr.  Arthur  J. 

ROCHA.  Mr.  John 
SAUL.  Dr.  Ears  V. 
SCHLOSBERG,  Dr.  Harold 
SCOTT,  Dr.  M.  Gladys 
SEIDEL,  Mr.  William 
SEMINAR  A,  Mr.  Josrph  L. 
SIDE RM AN,  Mr.  Joseph  A. 
SPANO,  Mr.  Leo 
SPENCE,  Dr.  Kenneth  W. 
SPERLING,  Dr.  Philip 
STERETT,  Mr.  John  K. 
STOUDT,  Dr.  Howard  W.  Jr. 

SULLIVAN,  Capt.  John  J. 
TF.ICHNER,  Dr.  Warren  H. 
THORNDIKE,  Dr.  Robert  L. 
UIILANER,  Dr.  J.  E. 
VINING.  Mr.  T.  M. 

WEISS,  Mr.  Murray 
WE1S2.  Dr.  John  D. 

WELLS,  Col.  James  F. 
WHITTLESEY,  Mr.  W.  C. 
WILLIAMS.  Dr.  Wyman  L. 

WOODBURY,  Mr.  Robert  L. 
WULFECK,  Dr.  Joseph  W. 


University  of  Michigan. 

Ypsilanti,  Michigan 

U.  S.  Army  Medical  Research  Laboratory, 
Fort  Knox,  Ky. 

Springfield  Armory,  Springfield,  Mass. 

Tufts  University,  Medford,  Mass. 

Brown  University,  Providence  R.  I. 

State  University  of  Iowa,  Iowa  City,  Iowa 

Rock  Island  Arsenal,  Illinois 

Picatinny  Arsenal,  Dnver,  N.  J. 

USASEL,  Fort  Monmouth,  N.  J. 

QM  RliE  Center,  Natick,  Mass. 

State  University  of  Iowa,  Iowa  City,  Iowa 

RAD  Division,  OT3G,  Washington,  D.  C. 

OQMG,  Washington,  D.  C. 

Harvard  School  of  Public  Health, 

Boston,  Mass. 

USCONARC  Arm.  Bd.,  Fort  Knox,  Ky. 

University  of  Mass.,  Amherst,  Mass. 

Columbia  University,  New  York,  N.  Y. 

TAGO,  D/A,  Washington,  D.  C. 

Army  Chemical  Center,  Maryland 

USASEL,  Fort  Monmouth,  N.  J, 

Ordnsnce  Human  Engineering  Laboratory 
Aberdeen  Proving  Ground,  Md. 

DCSOPS,  Avo.  Safety  Div.,  Washington,  D.C. 

QM  RfcE  Center,  Natick,  Mass. 

Human  Resources  Research  Office, 

Fort  Knox,  Ky. 

QM  RliE  Center,  Natick,  Mass. 

Tufts  University,  Medford,  Mass. 
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FILE  NO.  CRD/J  5495  U 


.SUBJECT:  Third  Annual  Army  Human  Factors  Engineering 
Conference 

TO:  Chief  Chemical  Officer  FROM:  C/R*>D  DATE:  IS  May  57  COMMENT  NO.. I 

Chief  of  Engineer. 

Chief  of  Ordnance 
The  Quartermaster  General 
Chief  Signal  Officer 
The  Surgeon  General 
Chief  of  Transportation 

1.  References: 


a.  Conference  Report,  Army  Human  Engineering  Conference,  The  Pentagon,  14-15 
December  1955. 

b.  Report,  Second  Annual  Army  Engineering  Psychology  Conference,  Army  Medical 
Research  Laboratory,  Ft.  Knox,  7-9  November  1956. 

2.  Referenced  two  conferences  ha»  demonstrated  great  valuetothe  Army.  By  Improving 
interchange  of  information  concerned  it  subject  field,  they  have  contributed  to  development 
agency  programs  to  make  new  weapons  and  equipment  ever  more  compatible  with  the  skills 
and  abilities  of  the  troop.  u»c  luciu. 

3.  In  accordance  with  the  terms  of  the  two  referenced  conferences,  steps  are  now  being 
taken  to  establish  the  subject  conference  as  an  annual  occurrence,  and  AR  70-8  is  being  re¬ 
vised  accordingly. 

4.  Arrangements  are  being  made  to  hold  the  next  such  conference  at  the  Quartermaster 
Research  and  Development  Center,  Natick,  Mass.,  during  the  last  week  of  September  or  first 
week  of  October  1957. 

5.  Incl  1  presents  a  summary  phasing  plan  of  preparation  of  the  conference  program  and 
publication  of  the  C orJer ence  Report.  As  a  major  element  of  such  preparation  the  plan  calls 
for  establishment  of  a  Human  Factors  Engineering  Conference  Committee  (HFECC),  with 
Terrs#  of  Reference  as  outlined  in  Inc!  2. 

6.  It  is  contemplated  that  the  revision  of  AR  70-3  noted  in  paragraph  3  will  establish 
HFECC,  with  duties  and  responsibilities  substantially  as  indicated  in  Incl  2,  as  a  standing 
Committee  for  this  purpose. 

7.  Request  that  you  designate  a  representative  of  your  office  to  serve  as  a  member  of 
HFECC.  Such  representative  should  have  a  broad  knowledge  of  human  factors  problems  and 
programs  of  your  office.  He  should  be  authorized  to  correspond  directly  with  the  Human 
Factors  Research  Division,  this  office,  or.  matters  concerning  the  proposed  conference. 

BY  DIRECTION  OF  THE  CHIEF  OF  RESEARCH  AND  DEVELOPMENT: 

••Signed” 

2  Incl 

1.  Summary  Phasing  Plan 

2.  Terms  of  Reference 


T.  J.  CONWAY 
Brigadier  Central,  GS 
Director  of  Research 


I, 


HUMAN  FACTORS  ENGINEERING  CONFERENCE  COMMITTEE 


Term:,  of  Reference 


1.  Purpose*  of  the  Conference: 


a.  To  provide  improved  intercharge  of  information  on  requirement*,  accomplish¬ 
ments,  and  future  /dans  among  Army  agencies  concerned  with  human  factor*  engineering; 
and 

b.  To  recomr'end  Improvement  of  programs  and  procedure*  common  to  all  develop¬ 
ment  and  user  agencurs  to  make  new  Army  weapon*  and  equipment  ever  more  compatible  with 
the  skills  and  abilities  of  the  troops  who  will  use  them. 

2.  Purposes  o ?  the  Committee: 

lo  represent  development  agencies  and  USCONARC  In  the  planning  of  the  Conference, 
especially  as  regards  determa  nation  o*  Conference: 

a.  Agenda  topics,  and  presentations; 

b.  Membership; 

c.  Report  format,  organization,  and  distribution; 

d.  Working  Group  composition*  and  missions; 

e.  Evaluation  and  follow-up  of  recommendations; 
and  other  matters  to  facilitate  the  purposes  of  the  Conference. 

3.  Members  of  the  Committee: 

The  Committee  will  consist  of: 

a.  A  Committee  Chairman  to  be  a  representative  designated  by  the  Chief,  Research 
and  Development. 

b.  One  member  (seven  In  all),  and  an  alternate,  to  be  designated  by  each  Chief  of  a 
Technical  Service  as  knowledgeable  of,  and  empowered  to  speak  for,  human  factors  engineer* 
lug  requirements  and  programs  of  Mu  command. 

c.  One  member,  and  an  alternate,  to  be  designated  by  the  Commanding  General, 
USCONARC  as  knowledgeable  of,  and  empowered  to  speak  for,  human  factors  engineering 
requiremerts  as  viewed  by  the  USCONARC  Boards. 

Representation  on  Human  Factors  Engineering  Advisory  Council 

ORGANIZATION  NAME 


Office,  Chief  of  Ergineers, 

US  Army  Engineer  Research  t* 
Development  Laboratories 

US  Continental  Army  Command, 
Fort  Monroe,  Virginia 


O  Dep  CCmlG  Scientific 

Activities,  Washington,  D.  C. 

Director  of  Hurnar  Engineering 
Laboratories,  Aberdeen  Proving 
Ground,  Maryland 
Office,  Chief  of  Ordnance 
Washington,  D.  C. 


Mr.  Benjamin  Goldberg 

Mr.  Lawrence  W.  Shanahan, 
Alternate 

Lt  Col  Embert  A.  Fossum 
Col  Keith  H.  Ewbank, 
Alternate 

Mr.  Irving  B.  Morgan 


Dr.  John  Weiss 


Mr.  Joseph  Kaufman, 
Alternate 
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ORGANIZATION 

QM  Ri,K  Command,  Natick,  Maas. 


Office,  Chief  Signal  Officer 
Washington,  [).  C. 


Transportation  RfcE  Command 
Ft  Eustis,  Va. 

RI.D  Division,  OTSG 
Washington,  D.  C. 


NAME 

Dr.  Henry  F.  Gaydos 

Dr.  Donald  F.  Haggard,  Jr., 
Alternate 

Mr.  Marshall  D.  Aiken 

Mr.  Tolvo  E.  Hedman, 
Alternate 

Dr.  John  Wendell  Bailey 


Col  Charles  W.  Hill 

Dr.  Philip  I.  Sperling. 
Alternate 
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APPENDIX  3 

CONFERENCE  REFERENCE  MATERIALS 

TABLE  OF  CONTENTS 


Page 
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n.  CURRENT  PROJECTS 

A.  Control  Coordination  Section 

Estimated 
Date  Completion 

Experimenter  Started  Date 

a.  Decrement  in  Driving  Skill  as  a  Herbert  Jul  56  Dec  57 

Function  of  Cumulative  Environ-  Hartman 

mental  Stresses.  Jaynes 

A  battery  of  tests  was  designed  to  detect  and  measure  driving  skill  fatigue.  Test 
results  also  were  used  to  supply  information  on  the  question  of  basic  factors  underlying 
driving  skill. 

Trained  Army  and  Air  Force  personnel  drove  3/4-ton  weapons  carriers  on  a  cross¬ 
country  desert  course  for  1,  3,  7  or  9-hour  periods  and  were  tested  before,  during,  and 
after  the  driving  period  for  evidence  of  changes  in  skills  pertinent  to  vehicle  manipulation. 

Periodic  measures  were  made  of  the  driver’s  ability  to  (1)  maintain  a  constant  speed 
over  a  prescribed  distance,  (2)  come  to  a  sudden  stop  (response  time),  and  (3)  maintain 
vigilance  by  responding  to  the  appearance  of  a  colored  light  either  reflected  in  the  rear- 
vision  mirror  or  at  a  point  30°,  60°  or  90°  from  line  of  vision  to  his  right  at  head  level. 

The  teat  battery  administered  before  and  after  driving  the  desert  course  consisted  of 
eight  driving  patterns.  Each  was  designed  tu  elicit  a  different  response-pattern  which 
appeared  to  be  important  in  vehicle  driving.  Skill  aspects  incorporated  in  the  various 
measures  were  such  items  as:  simple  and  complex  forward  and  reverse  manipulation 
of  the  vehicle  accelerator;  clutch  and  brake  coordination;  utilization  of  auditory  and 
kinesthetic  information;  and  spatial  judgment. 

The  teats  given  to  subjects  while  driving  on  the  desert  course  failed  to  alfferentiate 
between  the  1,  3,  7,  or  9-hour  driving  groups.  The  battery  of  eight  tests  proved  to  be  an 
acceptable  Instrument  for  demonstrating  increasing  skill  fatigue  associated  with  increasing 
length  of  the  driving  task.  A  composite  score  based  on  only  four  of  the  tests  correlated 
.47  with  hours  of  driving.  The  reliability  coefficient  was  .74. 

A  factor  analysis  of  scores  from  the  teat  battery  resulted  in  the  extraction  of  seven 
orthogonal  factors,  three  of  which  correlate  significantly  with  hours  of  driving.  These 
have  been  tentatively  Identified  as:(l)Gross  Adjustment;  (2)  Backing  (simple);  (3)  Tracking; 
(4)  Backing  (complex);  (5)  Parallel  Parking;  (6)  Foot  Coordination;  and  (7)  Spatial  Judgment. 

b.  The  Influence  of  Control-Grip  Angle  Herbert  Mar  57  Oct  57 

on  the  Performance  of  a  Manual  Posi¬ 
tioning  Task. 

Eighteen  right-handed  males  served  as  subjects.  Their  task  was  to  guide  a  probe 
through  a  metal  tube  without  making  contact.  Six  tubes  were  positioned  so  as  to  require 
some  one  of  six  different  directions  of  arm  movement  from  trial  to  trial.  The  handle 
of  the  probe  could  be  altered  so  that  the  angle  between  probe  and  handle  could  be  set 
at  75°,  90°  or  105°. 

Every  subject  used  all  handle  settings  and  responded  an  equal  number  of  times  in 
each  of  the  six  directions.  Though  accuracy  of  response  was  stressed,  both  accuracy 
and  speed  measures  were  analysed.  Accuracy  was  not  influenced  by  the  different  handles, 
however,  the  90°  grip  allowed  significantly  faster  responses  than  did  either  the  75°  or 
105°  handles.  The  latter  two  were  not  significantly  different. 

c.  To  What  Extent  Does  the  Location  Caldwell  Sept  56  Aug  57 

of  a  Hand  Control  Affect  tha  Maxi¬ 
mum  Forces  Which  Can  Be  Exerted 
on  It? 
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1 .  In  Service  Research 
Title 


Five  subjects  were  employed  in  an  investigation  to  determine  the  relative  Influence  of 
elevation.  lateral  position  and  distance  of  a  control  ot»  the  strength  of  6  linear  hand  move* 
merits.  Four  elevations,  4  lateral  positions,  and  5  distances  provided  BO  control  position* 
which  covered  must  of  the  working-space  ot  the  right  hand. 

The  control  distances  accounted  for  more  of  the  observed  variations  In  the  strength 
of  the  movements  than  did  either  the  elevations  or  the  lateral  positions.  The  control 
distances  strongly  affected  all  movements,  whereas  the  elevations  and  lateral  positions 
u.f*re  selective  in  their  influences. 

d.  The  Judgment  of  Angular  Positions  Herbert  Jun  57  Sept  57 

in  the  Horizontal  Plane,  on  the  Basis  Caldwell 

of  Kinesthetic  and  Visual  Cues  Alone 
;.nd  in  Combination. 

Twenty-one  subjects  judged  th-»  location  of  angu'ar  positiors  from  <|P  to  90°  In  the 
horizontal  pla..c.  Three  cue  conditions  were  presented:  ( 1 )  klneshetic  only,  in  which  thn 
wore  a  blindfold  and  moved  his  arm  to  a  designated  angular  position;  (2)  vision 
vnly,  where  the  subject,  without  blindfold  and  with  hands  in  light,  directed  the  expert* 
wen  ter  in  positioning  a  long,  luminous  pointer;  and  ( 3)  kinesthet  c -plus -vision,  in  which 
the  subject  was  a'  «  wed  to  position  his  arm  while  viewing  a  luminois  pointer  which  showed 
the  position  of  th«  ?rm. 

Performance  was  most  accurate  for  the  subjects  using  only  the  visual  cue.  The  com  ¬ 
bined  cue  condition  wa*  better  than  the  kinesthetic  condition,  >ut  njt  significantly  so. 
The  greatest  errors  of  localization  were  obtained  In  the  region?  between  the  mid -point 
of  the  scale  and  the  ends--that  is.  a  round  30°  and  70°.  This  was  true  for  all  3  cue  con¬ 
ditions  . 

e.  The  Effect  of  Joystick  Mass  Hartman  May  57  Sept  57 

on  Tracking  Performance. 

The  study  was  rcrcerned  with  the  effect  of  miss  of  the  control  (moment  of  inertia) 
on  performance.  The  joystick  handles  weighed  I  o/..,  8oz.,  16  oz. ,  24  oz.,  32  oz. ,  and  40 
ounces.  The  optimal  stirk  length  (IH  in.)  was  used.  Two  conditions  of  sensitivity  were 
used--the  best  had  a  sensitivity  ratio  of  2.85:1,  ami  the  worst  had  a  sensitivity  ratio  of 
U.5:l.  The  variables  outlined  indicate  tha:  the  study  is  designed  to  answer  two  questions; 
First,  what  is  the  effect  of  control  mass  on  accuracy  of  tracking?  Second,  is  that  effect 
different  for  large  tracking  movements  than  for  small  tracking  movements? 

f.  Dec rement  in  Drivtng  Skill  Herbert  Sept  5"  Mar  5h 

Associated  with  Increasing  Jaynes 

Time  of  Exposure  to  F.nvironmental 

Stresses. 

In  the  summer  of  1956  a  study  was  conducted  a*  the  Yuma  Test  Station  to:  design  a 
battery  of  driving  performance  tests  that  would  aid  in  the  identification  of  some  of  the 
basic  response  patterns  required  in  vehicle  manipulation;  and  to  measure  changes  In 
these  patterns  as  a  function  of  increasing  environmental  stress. 

The  present  study,  to  be  done  at  Fort  Knox,  is  an  elaboration  of  the  efforts  of  a  year 
ago.  The  battery  of  8  tests  will  be  further  refined  and  some  new  tests  will  be  added. 

Twenty-four  trained  operators  will  drive  l/4  ton  trucks  (jeeps)  on  a  •‘fatigue**  course 
on  8  separate  occasions.  Each  man  will  twice  drive  for  3,  7,  11  and  15  hours  with  the 
test  times  and  driving  periods  so  balanced  that  one-half  of  the  driving  will  be  done  under 
daylight  conditions  and  the  other  half  during  darkness  (using  headlights).  The  final  hour 
of  driving  in  all  cases  will  be  done  on  a  driving  performance  test  course  composed  of 
12sub-testi. 

Data  will  be  analyzed  by  correlation  and  factoring  techniques  to  supply  information 
on  the  following  points:  (1)  What  are  some  of  the  specific  skills  underlying  driving 
ability?  (2)  How  much  does  driving  skill  decrease  as  the  driving  task  Is  lengthened? 
(3)  Does  performance  on  the  test  battery  reflect  a  difference  between  daylight  and  night 
driving?  (4)  Does  temperature  influence  performance  on  the  test  battery? 


Caldwell 


g.  The  Effect  of  Various  Body 
Supports  on  the  Strength  of 
Linear  Hand  Movements. 


Sept  57  Dec  57 


The  next  study  in  the  present  series  will  deal  with  possible  methods  of  increasing 
the  forces  which  an  operator  can  exert  on  a  hand  control.  The  effects  of  a  safety  belt, 
shoulder  harness,  and  auxiliary  hand-hold  will  be  investigated.  The  forces  exerted  by 
the  operator  on  a  hand  control  at  diverse  orientations  to  the  body  will  be  measured  with 
and  without  these  supports. 

h.  A  Theoretical  Investigation  Jaynes  Jun  57  Mar  58 

of  the  Problem  of  Repeated 
Measurements. 

An  attempt  will  be  made  to  develop  a  mathematical  model  which  will  enable  one  to 
specify  the  Interrelations  between  experiments  In  which  different  subjects  are  used 
under  each  condition  and  those  in  which  the  same  subjects  are  used  under  all  conditions. 


1.  A  Manual  for  Statistical 
Computations. 


Jaynes  Dec  56  Feb  58 


This  manual  will  provide  formats  for  the  tabling  of  experimental  data  and  simple  com¬ 
putational  directions  for  common  statistical  anatyue-i  based  on  such  tables.  Notation  will 
demand  nothing  mare  than  a  knowledge  of  high  school  algebra.  A  section  dealing  with  some 
useful  wiring  plans  for  llir  IBM  602-A  and  604  calculating  punches  will  also  be  included. 
Comments  on  experimental  design  and  Interpretation  of  results  will  be  provided  for  the 
more  sophisticated  reader. 

j.  A  Methodological  Study  of  Jaynes  Sept  56  May  58 

Tracking  Scores. 


Graphic  records  havr  been  obtained  of  the  performance  during  the  first  hour  of 
tracking  by  30  naive  subjects.  Thess  records  include  the  target  sig  ial.  the  error  signal, 
and  the  graphic  time-on-target  signal.  The  problem  is  to  find  a  way  to  convert  these 
graphic  records  into  numerical  data  while  retaining  a  maximum  amount  of  information 
with  a  minimum  amount  of  redundancy.  Each  graphic  record  will  be  scored  in  a  number 
of  different  ways.  Each  score  will  then  be  checked  for  rellaMltty.  and  systematic  changes 
of  these  scores  as  a  function  of  practice  will  be  noted.  Interrelations  of  the  scores  will 
be  made  in  order. to  specify  several  relatively  independent,  reliable  scores  which  change 
systematically  with  practice. 


Z.  r-  •  ct  Research 
Title 


Contractor 


Date  Completion 

Started  _ Date 


..'.fB  Influencing  Complex  , 

Dr.  Richard  May  1954  continuing 

<.ir,ion-Making  Behavior 

H.  Hcnneman, 

University  of 

Virginia, 

Charlottesvills, 

Virginia 

Research  activi:ies  on  the  contract  during  the  past  year  continued  along  the  lines 
developed  during  tic  preceding  year.  Some  of  the  experimental  studies  have  been  con¬ 
cerned  with  factors  influencing  choice  behavior  under  simple  responding  conditions; 
other  experiments  have  involved  decisions  In  more  complex  behavioral  situations.  Studies 
have  been  carried  on  regarding:  conditions  determining  the  efficiency  of  multiple  task 
performance;  variables  influencing  choice  behavior  in  simple  response  situations;  and 
the  role  of  response  restriction  in  the  perception  of  ambiguous  stimuli. 


The  fourth  project  area  of  a  year  ago  (the  effect  of  stimulus  encoding  on  multiple  task 
performance)  was  abandoned  to  allow  research  on  a  new  high-priority  project  derived 
from  the  general  problem  of  the  consolidation  of  information  from  single  and  multiple 
stimulus  sources.  The  initial  study  Involved  the  effect  of  irrelevant  information  upon 
complex  visual  discrimination.  Research  findings  on  this  project  would  be  expected  to 
apply  to  operations'  situations  requiring  the  operator  to  "filter"  relevant  from  ir¬ 
relevant  data  while  Monitoring  various  types  of  displays. 


b.  Sensing  Mechanisms  and  Control  Dr.  Edward  Jun  1955  Aug  J958 

of  Fine  Movements  in  Perception,  Girden,  Brooklyn 

Motor  Precision,  c ,r.d  Performance .  College.  Brooklyn. 

New  York 

Impairment  in  the  precision  of  pursuit  tracking  has  been  produced  as  a  consequence 
of  interpolated  work-activity.  Tnis  decrement  In  performance  is  rot  revea«td  unless  the 
practice- effect  is  carefully  r .it  trolled— with  relatively  unskilled  Ss,  tbs  performance 
continues  to  improve  with  no  decrement  resulting  from  interpolated  work;  with  suf¬ 
ficiently  trained  Ss,  the  interpolated  work  impairs  tne  prccisicn  of  the  tracking  per- 
fcrmancc.  With  practice  accounted  for,  work -impaired  performance  was  rea  illy  demon - 
» l rated  with  stationary  £.s  well  as  moving  targets,  and  was  obtained  aoth  with  tie  pressure 
and  the  free -moving  control.  The  results  suggest  a  greater  impairment  of  performance 
with  *he  free -moving  control  than  when  the  pressure  control  was  used. 

c.  Certain  Physiological  Correlates  Dr.  Robert  B.  Jon  1955  continuing 

of  Psychoinotor  Functioning.  Malmo.  McGill 

University, 

Montreal,  Canada 

The  circuitry  of  the  visual  tracking  system  has  been  revised  In  order  to  eliminate  the 
need  for  d-c  amplifiers  (which  drift  and  require  adjustments)  and  for  contact  meter-relays 
(which  need  Time  off-targrt,  distance  off-target  and  error  amplitudes  may 

still  be  scored  and  synchroni  ea  with  the  ctftcr  physiological  measures.  A  vibratory 
tracking  system  was  deisigned  and  tested  in  several  subjects .  Data  gathered  so  far  indicate 
the  null  point  type  of  apparatus  used  in  auditory  tracking  may  also  be  used  In  vibratory 
tracking.  AU/,  c-%<_cgi  for  the  fact  that  the  vibratory  units  may  need  redesigning  so  that 
they  match  the  mechanical  impedance  of  the  skin  more  closely,  it  seems  feasible  to  record 
action  potentials,  FMC’s,  EEC’s,  etc.  ’without  interference  from  the  application  of  mechan¬ 
ical  vibration  to  the  body. 

Tracings  are  continuing  0*1  sleep  deprived  subject.  Most  of  this  period  has  been  ex¬ 
pended  in  apparatus  construction 

d.  Context  Effects  in  Psychophysical  Dr.  William  E.  Jul  1957  continuing 

Judgments.  Kappauf,  Univer¬ 

sity  of  Illinois, 

Urbana,  Illinois 

This  U  a  new  project  which  has  been  in  effect  for  less  than  one(i)  month.  There  has 
been  no  progress  reported  to  date. 

Context  effects  may  arise  in  psychophysical  judgment  situations  as  a  fu  iction  of  two 
major  variables  which  have  to  do  with  the  scheduling  o‘‘  trials:  (a)  the  sequence  of  trials, 
as  determined  by  the  psychophysical  method  which  has  been  chosen;  and  (b)  the  massing 
of  trials.  Although  these  effects  may  be  eliminated  completely  in  certain  experiments  by 
using  each  subject  for  only  one  trial  (as  Stevens  has  suggested),  there  are  many  experi¬ 
ments  in  which  complete  data  for  single  subjects  are  desired.  It  is  therefore  proposed  to 
determine  to  what  extent  cjntext  effects  may  be  reduced  by  judicious  choice  of  psycho¬ 
physical  method  and  inter-trial  interval. 

The  present  work  wuuld  airn  specifically  at  assembling  data  on  the  usefulness  of  the 
so-called  “up-and-down**  method  in  psychophysical  measurement  and  would  compare 
results  obtained  by  this  method  with  parallel  measure  on  the  same  subjects  obtained 
by  more  traditional  measurement  methods. 

Because  it  seems  best  to  deal  with  methodologic  il  problems  with  respect  to  specific 
content  questions,  it  is  proposed  that  the  research  be  done  with  reference  to  the  time 
error,  and  possibly  also  with  reference  to  stereoscopic  depth  perception.  Stevens  has 
recently  presented  a  view  of  the  time  error  which  relates  it  to  effects  obtained  in  the 
use  of  category  scales.  This  view  is  reasonable  If  the  time  error  is  in  fact  no  larger 
than  the  method  of  constant  stimuli  ha*  revealed  it  to  be.  Results  of  the  writer,  however, 
suggest  that  by  the  up-and-down  method  conspicuously  larger  time  errors  may  be  obtained. 
It  is  therefore  appropriate  to  obtain  new  data  on  the  time  error.  It  is  proposed  to  conduct 
studies  comparing  the  up-and-down  method,  and  others  dealing  with  the  time  error  as  a 
function  of  time  lor  visual  brightness,  for  aurtitcry  loudness  and  for  lifted  weights. 
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B.  V ision  Section 


l.  In  Service  Research 

Ebtimaled 

Title 

Experimenter 

Date 

Started 

Completion 

Date 

a.  The  Influence  of  Lack  of 

Coiiirnatton  and  Eyepiece 

Harker 

Johnson 

Mar  56 

June  58 

Defrjcusing  Upon  Stereoscopic 
and  Vernier  Acuity. 

Data  have  been  taker,  on  a  group  of  24  subjects  between  the  ages  of  18  and  28  with 
uncnrrecte.1  20/20  vision  ir.  both  eyes.  Experimental  conditions  sampled  a  range  of  forced 
vergcnce  from  four  prism  diopters  of  divergence  to  sixteen  prism  diopters  of  convergence. 
Eyepiece  defocusing  was  sampled  over  a  range  from  plus  one  lens  diopter  to  minis  three 
lens  diopters.  The  tasks  employed  were:  fixation  disparity  alignment,  vernier  alignment  and 
stereoscopic  ranging.  The  results  obtained  indicate  *Sat  the  influence  of  '* out  of  ccllima- 
tion*'  upon  stereoscopic  ranging  follows  fixation  disparity,  giving  ri^c  to  under -ranging 
for  divergence  and  ove r- ranging  for  convergence  cf  the  optical  system.  Eyepiece  defocusing 
influenced  the  obtained  acuities.  Follow-up  experimentation,  utilizing  conditions  of  sym¬ 
metrica!  and  asymmetrical  vergence,  is  planned. 

b.  Response  oi'  an  Observer  to  a  Harker  Apr  56  Mar  58 

Uniformly  Illuminated,  Unstruc¬ 
tured,  Visual  Field. 

Circuits  for  the  dimming  of  fluorescent  lamps  have  been  purchased  and  modified  to 
permit  their  application  to  small  tubes.  Illumination  seen  through  rr.iix  iucite  eye  cups 
provided  with  an  aperture  is  matched  to  the  illumination  seen  directly  tluough  the  aperture 
to  present  to  the  observer  an  illuminated  field  of  maximal  extent  unbroken  by  distinct 
contour.  Observation  by  the  subject  of  illuminated  targets  in  hi»  field  of  view  la  possible 
th  ror.ffh  fhr  an#rfttr#  in  thn  nvn  nm«  hv  thn  n«n  nf  %  «#ml-^ef1ectant  surface.  Preliminary 
observations  have  indicated  that  the  situation  is  sufficiently  controlled  to  give  rise  to  the 
accommodative  searching  characteristic  of  the  “Whiteside  Phenomena**  or  “High  Altitude 
Myopia."  A  trip  to  Northern  Greenland  is  planned  for  midsummer  to  permit  direct  per¬ 
sonal  observation  of  “White-oat.** 

c.  The  perceptual  Interrelation  Gogel  Aug  56  Aug  57 

of  F ront.il  and  Stereopsis  Extents 

in  the  Determination  of  Form. 

Using  stereopsis,  the  depth  component  of  an  object  was  adjusted  to  produce  a  designated 
form  at  three  distances  from  the  observer.  !t  was  found  that  when  cues  to  relative  distance, 
other  than  stereopsis  were  minimized,  the  ratio  of  the  adjusted  stereopsia  to  the  angular 
sitte  nf  the  frontal  component  was  approximately  a  constant.  The  addition  of  extraneous  cues 
to  relative  distance  was  found  to  affect  Ihis  result.  These  experiments  are  being  considered 
in  relation  to  a  previou«ly  developeu  hypothesis  concerning  the  factors  involved  in  trans¬ 
lating  a  stererpsis  to  a  perceived  linear  extent. 

d.  The  Perceptual  Interrelation  of  Gogel  Dec  56  Sept  57 

Frontal  and  Stereopsis  Extents  in 

the  Determination  of  Perceived  Depth, 

Predictions  made  from  the  previously  developed  hypothesis  are  being  tested  under 
conditions  In  which  a  depth  interval  produced  by  stereopsis  is  perceptually  duplicated 
at  different  distances  from  the  subjects.  Measurements  of  apparemly  equal  frontal  extents 
and  apparently  equal  depth  extents  are  obtained  in  the  same  experimental  situation*  Da+a 
have  been  collected  in  two  experiments  which  have  been  concerned  with  a  relation  between 
perceived  ratios  of  stereopsis  depths  and  perceived  ratios  of  corresponding  frontal  extents. 

e.  Perception  of  Continuous ,  Gardner  May  56  Dec  58 

Fluctuating  Stimuli. 

This  project  aims  at  the  variables  governing  the  perception  of  stimulus  fluctuations  in 
a  monitoring  situation.  At  present  the  tasks  employed  «o  represent  this  form  of  perception 
consist  of  estimation*  hy  the  subject  of  average  past  and  future  stimulus  values  and  trends 
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In  stimulus  values.  Experimental  conditions  were  administered  to  492  basic  trainees  and 
data  were  collected  for  432  of  these.  There  were  4  conditions  of  stimulus  detertnlnacy. 
The  number  of  stimulus  value  categories  ranged  from  2  to  5,  as  did  the  number  of 
available  response  categories.  The  influence  of  equivalence  of  stimulus  value  categories 
and  available  response  categories  was  also  explored.  Subsequent  steps  in  the  research 
program  will  include  further  exploration  of  functional  relationships  discovered  in  the 


Initial  experiment  over  a  wider  range  of  these  variables. 

2.  Contract  Research 

Title 

Contractor 

Date 

Started 

Completion 

Date 

a.  Effect  of  Noise  on  the  Perception 
of  Forms  In  Electro-Visual  Display 
Systems 

Dr.  Mason  N. 

Crook,  Tufts 
University.  Medford 
Massachusetts 

Apr  M 

Sep  S8 

Experimental  results  on  the  rtcognizabllity  cf  Irregular  forms  under  noise  mentioned 
In  the  preceding  report  have  been  more  fully  analyzed.  Recognition  was  found  to  increase 
with  decreasing  noise  and  wi:h  increasing  difference  between  the  teat  and  comparison 
forms.  Recognition  scores  showed  relatively  little  relation  to  area  or  perimeter  of  the 
forms,  or  to  area/perimeter.  Some  indication  was  found  that  etght-stded  forms  are  more 
recognizable  than  four-  or  sixteen-sided  forms.  In  an  experiment  using  familiar  forms, 
'•natural*'  direction  of  contrast  was  found  to  have  no  significance  for  recognlsabUlty  in 
the  experimental  situation.  The  results  pointed  to  better  recognlsabillty  under  noise  for 
test  items  printed  in  black  on  white  than  for  those  printed  in  white  on  black,  regardless 
of  whether  the  natural  forms  are  light  or  dark.  A  larger  and  more  varied  sample  of  ir¬ 
regular  forms  has  been  constructed.  The  development  of  additional  types  of  complex 
backgrounds  is  in  process. 

b.  Phyc  ho  physio  logy  of  Perception  Dr.  Donald  Sep  94  continuing 

B.  Linds  ley. 

University  of 
California, 

Los  Angeles, 

California 

The  general  goal  of  the  project  is  to  Investigate  basic  aspects  of  visual  perception, 
especially  from  a  psychophyslologic  viewpoint  with  reference  to  new  -oneepts  of  neuro¬ 
physiology.  Tactual  and  auditory  perception  will  be  involved  in  some  cross-modality  studies. 
The  investigation  will  be  concerned  particularly  with  temporal  factors  In  perception, 
especially  perception  pushed  to  temporal  limits.  It  is  at  this  point  that  psychological  and 
neurophysiological  data  can  best  be  integrated  on  a  common  time  base.  Some  of  the  proposed 
problems  are  as  follows:  (1)  Factors  in  obliteration  of  perception  by  a  successive  light 
flash;  (2)  Perceptual  consolidation  time  following  minimal  exposure;  (3)  Sensory  and 
perceptual  interaction;  (a)  Iter  sensory  dissociation,  (b)  Influence  of  cross -modality 
stimulation  on  perception,  (c)  Effect  of  cross -modality  stimulation  on  habituation;  (4) 
Effect  of  photic  driving  on  perception;  (5)  Emergence  of  form  or  pattern  In  visual  per¬ 
ception.  The  outcome  of  b«*sic  atudles  un  the  psychophysiology  of  perception  can  have 
numerous  applications  in  the  field  of  military  operations,  particularly  in  the  use  of 
technical  instruments  which  often  tax  the  limits  of  perceptual  capacity. 

c.  Some  Perceptual  and  Physiological  Dr.  Walter  Jun  57  continuing 

Aspects  of  Uniform  Visual  Stimu-  Cohen, 

lation  University  ol 

Buffalo, 

Buffalo, 

New  York 

This  Is  a  new  project  which  has  been  in  effect  for  one  (1)  month.  There  has  been  no 
progress  reported  to  date. 

E.E.G.  records  and  other  physiological  measurements  will  be  obtained  under  con¬ 
ditions  of  uniform  stimulation  of  the  entire  visual  field  (Ganzfeld)  and  when  a  differentiated 
area  is  present.  The  Ganzfeld  will  be  produced  by  use  of  special  apparatus  based  on  the 
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principle  of  the  photometer  sphere.  Special  attention  will  be  paid  to  the  temporary  cessa- 
tion  of  visual  experience  that  occurs  under  these  conditions. 

Under  conditions  of  inhomogeneity  In  the  Ganzfe Id,  the  following  phenomenal  charac - 
teriatics  will  be  studied:  (1)  color,  (2)  mode  of  appearance,  (3)  apparent  distance,  (4) 
definiteness  of  contour,  (5)  shape.  The  following  characteristics  of  the  stimuli  will  be 
systematically  varied:  (1)  size  of  figure,  (2)  mode  of  appearance,  (3)  apparent  distance, 
(4)  definiteness  of  contour,  (5)  »u«pe.  The  following  characteristics  of  the  stimuli  will  be 
systematically  varied:  (1)  stze  of  figure,  (2)  form,  of  the  figure,  (3)  boundary  between 
figure  and  ground  (lines  and  points). 

The  results  should  contribute  to  the  ueiier  understanding  of  some  of  the  basic  mech¬ 
anisms  involved  in  (1)  figure -ground  segregation,  (2)  distance  perception,  (3)  color 
perception,  (4)  contour  formation.  From  the  military  point  of  view,  the  results  may  be 
related  to  the  perception  of  objects  under  conditions  of  relative  uniformity,  t»e«,  fog, 
•new,  and  sky. 

d.  Fluctuations  in  Night  Visual  Dr.  E.  Parker  Jun  57  continuing 

Acuity  Johnson, 

Coloy  College, 

Waterville, 

Maine 

This  is  a  new  project  which  has  been  in  effect  for  one  (1)  month*  There  has  been  no 
progress  reported  to  date. 

The  purposes  of  the  proposed  study  are  two: 

(1)  To  make  clear  the  existence  of  these  fluctuations  which,  though  their  implications  for 
night  vision  testing  are  important,  have  never  been  described  at  all  In  the  regu.  r 
scientific  journals. 

(2)  To  answer  the  practical  question:  “What  proportion  of  young  men  of  military  age  have 
fluctuations --of  what  magnitudes,  forms,  and  frequencies?** 

The  immediate  goal,  then,  is  descriptive.  Later  will  come  problems  of  explanation, 
prediction,  control. 

C.  Sound  Section 


1  •  In  Service  Research  ( 

Date 

E.timated 

Completion 

Title 

Experimenter 

Started 

Date 

a.  The  Aura!  Offload  Test  a*  an 
Indicator  o' Susceptibility  to 

Noise  Induced  Hearing  Loss. 

Fletcher 

Snyder 

May  57 

Feb  58 

Reference  audiograms  and  aural  overload  thresholds  were  obtained  for  about  100  RFA 
trainees  prior  to  training.  At  the  end  of  their  6  months  training,  audiograms  and  aural 
overload  threshold:)  will  again  be  taken  from  the  trainees.  Analysis  will  be  made  to  see 
if  initial  aural  overload  threshold  correlates  with  hearing  loss  at  the  end  of  training.  An 
additional  portion  of  the  study  will  be  devoted  to  obtaining  cumulative  noise  exposure 
records  for  the  subjects. 

b.  Attenuation  Characteristics  of  Fletcher  May  57  Aug  57 

Four  Ear  Protective  Devices.  Silver 

Tv/o  methods  were  used  to  determine  the  attenuation  characteristic  s  of  4  ear  protective 
devices  (2  helmets,  2  headsets).  A  physical  calibration  of  the  devices  was  made  using  a 
dummy  head,  then  articulation  tests  were  made  using  96  human  subjects  in  a  simulated 
tank  noise  field.  Analysis  was  made  to  determine  the  rank  of  each  device  with  regard  to 
attenuation. 


Fletcher 


Continuous 


A  Hearing  Conservation  Program 


May  b? 


•r.  collaboration  with  the  Chief,  Preventive  Medicine,  USAH,  Ft.  Knox,  a  hearing  con¬ 
servation  program  for  Ft,  Km»x  was  initiated.  Phases  of  the  program  include  indoctrina¬ 
tion  a-'id  fitting  of  car  protective  devices  on  perf.r»nnet  working  in  high  poiai  level  environ¬ 
ments,  periodic  atidiopramming  o f  such  personnel,  with  consideration  biing  given  to 
rot.*!-,  ig  personnel  suffering  losses  from  their  noisy  jobs  until  recovery  is  evidenced. 


The  Auditor v  ‘‘Sharpening*’ 
Phenomenon!  I.  Th»*  Differentia! 
Threshold  for  Frequency. 


Silver 


Aug  57 


Jan  57 


Th*  determination  of  the  frequency  difference  threshold  about  a  stimulated  point  will 
be  made  using  recently  discovered  intera*-r^J  inhibition  to  avoid  the  difficulties  tmpos e*i 
by  beat  phenomena. 


Silver 


Aug  57 


Jan  57 


The  Auditory  Sharpening 
Phenomenon:  *i.  An  Investi¬ 
gation  of  the  Absolute  Thres¬ 
hold  tor  Pure  Tones  in  the 
Presence  of  a  Contralateral 
Pure  Ton*  Stimulus. 

Using  pute  tone  to  produce  contralateral  inhibition  the  absolute  threshold  for  intensity 
will  be  investigated  in  the  region  arour  d  the  center  of  the  contralateral  inhibition. 


Date 

Started 


Jun  55 


Completion 
Dare _ 

continuing 


Contractor 

Dr.  Merle 
Lawrence, 

University 
of  Michigan, 

Ann  Arbor, 

Michigan 

The  »cvel  above  threshold  at  which  the  ear  overloads  is  apparently  not  influenced  by 
conductive  lesions.  Therefore  this  measure  was  compared  with  bone  measurements  made 
pre-  and  post-operatively  in  otoschlerotic  patients.  Results  indicate  a  significant  improve¬ 
ment  in  bone  conduction  scores  after  fenestration  or  stapes  mobilization  whereas  the 
linear  range  of  hearing,  as  measured  by  the  aural-overload  test,  does  not  vary  signifi¬ 
cantly  post-cpcrntively.  For  this  reassn,  the  aural-overload  test  Is  considered  to  be 
more  accurate  than  the  bone  conduction  tes<. 

Results  of  examinations  of  sectional  ears  of  vibrated  monkeys  indicate  that  the 
otolithic  membrane  of  the  utricle  has  been  dislodged. 


Estimated 

Completion 

Date 

Sep  57 


Movement  and  preaeure  tracking  have  been  etudted  as  a  function  of  thermal  stress. 
Theae  two  modea  of  tracking  are  differentially  affected  by  temperature  at reaa,  according 
to  a  previoua  atudy  done  in  thia  laboratory.  The  preaent  study  attempta  to  determine 
optimum  temperature  rangea  for  the  two  methode  of  control.  Data  collection  haa  been 
completed  and  a  report  is  in  preparation. 


b.  Behavioral  Effecta  of  Cold  Carlton  July  56  Oct  57 

Adaptation  in  the  Rat.  Marka 

Normal  and  cold-adapted  rata  are  being  compared  on  various  aapecta  of  instrumental 
conditioning  and  extinction  to  determine  behavioral  concomitants  of  physiological  cold 
acclimatization.  Rats  are  trained  to  press  abar  for  'heat  reward*  in  low  levela  of  ambient 
temperature.  Several  reports  in  this  aeries  of  studies  have  been  pub  ished,  and  others  are 
in  preparation. 

c.  The  Effect  of  Fatigue  in  the  Newton  Jan  57  Sept  57 

Establishment  of  Stimulus 

Equivalence. 

Four  tasks  have  been  given  subjects  in  a  manner  designed  to  establish  a  'response- 
mediated  stimulus  equivalence.*  Fatigue  of  some  of  the  effectors  involved  in  the  responses 
was  introduced,  with  the  anticipation  that  the ‘fatigue*  may  Influence  the  degree  of  stimulus 
equivalence  obtained.  Datd  collection  has  been  completed  and  data  analysis  ts  currently 
under  way. 


2.  Contract  Research 
Title 


Date  Completion 

Contractor  Started  Pate _ 


a.  Neural  Correlates  of  Thermal 
Sensations 


Or.  John  P.  Dee  55  continuing 

Nafe,  Florida 
State  Univer¬ 
sity. 

Tallahassee, 

Florida 


The  problem  is  to  secure  from  sub-human  mammals  simultaneous  records  of  (1) 
thermal  changes  and  (2)  vascular  responses.  We  assume  such  changes  are  accompanied, 
in  theae  animals  as  they  are  lr.  humans,  by  thermal  sensations:  warmth,  cold,  heat,  ar.d 
pain  associated  with  extreme  temperatures,  both  cold  and  heat.  We  are  partleu.arly  in¬ 
terested  in  the  possibility  that  these  thermally-induced  vascular  responses,  ir.  m'  skin 
and  other  superficial  surfaces  give  rise  to  the  nerve  discharges  associated  with  thermal 
sensations  and  that  therefore  the  vascular  elements  Involved  are  the  receptors  for  this 
type  of  sensitivity. 


There  is  also  some  Interest  in  the  part,  if  any,  played  in  thermal  sensitivity  by  the 
hair  erector  muscles. 


E.  Vestibular  Section 


1.  In  Service  Research 

Date 

Estimated 

Completion 

Title 

Experimenter 

Started 

Date 

a.  Apparent  Adaptation  Effects 

Guedry 

Jul  56 

Aug  57 

in  Vestibular  Reactions. 

Cramer 

Koella 

One  study  has  been  completed  a:id  others  are  in  progress.  The  current  studies  are 
concerned  with  a  more  intensive  study  of  the  growth  of  the  apparent  adaptation  effects. 
These  studies  will  also  provide  information  on  (li  the  so-called  directional  specificity 
of  these  ‘adaptation  effects'  and  (2)  the  recovery  from  these ‘adaptation  effects.'*  The 
second  report  lr,  inis  series  is  in  preparation. 


b.  technique*  «V*«  Studying  Postural  Guedry  Sept  57  •  May  58 

Effects  of  Angular  Ar  r cleration.  Caldwell 

Cramer 

The  vestibular  system  in  conjunction  with  other  response  systems  Influences  the 
resting  ion*r  »'-•:*'<»«’  a*  -.«i«  compensatory  acti  vity  of  a  large  number  of  muscles. 
Angular  acce«»iation  produces  a  disturbance  in  vest  bular  equilibrium  which,  among 
other  effect*,  produces  compensatory  postural  adjustments.  It  is  desirable  to  have 
sensitive  measurement  of  thric  compensatory  adjustments  (1)  to  determine  possible 
subtle  influence  on  psych  >motor  performance  and  (2)  to  provide  an  index  of  the  vestlbuiar 
reaction  which  would  possibly  provide  a  continuous  quantitative  measure  of  the  reaction 
throughout  its  course. 

c.  Further  Studies  of  Apparent  Guedry  Oct  57  Feb  56 

Adaptation  Effects  in  Human  Cramer 

Subjects. 

Our  present  studies  of  ‘adaptation*  effects  indicate  a  definite  need  for  determining  the 
magnitude  of  these  effects  under  a  variety  of  conditions .  Two  additional  studies  are  planned 
to  answer  questions  concerning  (1»  iaf!i«nn.e  of  adaptation  effects  on  response  latency  of 
subsequent  stimuli,  (2)  accumulative  adaptation  effects  with  a  number  of  short  stimuli  of 
the  same  direction  and  (3)  ‘transfer**  of  these  effects  to  higher  magnitude  test  stimuli. 

d.  Development  of  Tecnniques  Guedry  May  57  Sept  57 

lor  Ontaininy  Continuous  Ceran 

Estimates  oil  Subjective 
Velocity  throughout  Course 
of  Vestibular  Reactions. 

A  number  of  techniques  have  been  attempted  including  (1)  subject-controlled  com¬ 
pensatory  motion  of  a  small  light  source  for  perceived  motion  of  a  faint  background 
light,  (2)  continuous  estimate*  of  present  speed  relative  to  speed  in  interval  just  elapsed, 
(3)  time  estimates  of  apparent  rotation  through  45  degrees  throughout  the  course  of  the 
vectibuiar  reaction.  Our  research  thus  far  does  not  single  out  any  one  of  these  methods 
as  cicAii*  »«i.*r-iiui  io  the  others,  it  is  anticipated  that  refinement  of  at  least  one  of  these 
methods  will  provide  a  useful  technique  for  future  research.  A  report  of  part  of  this 
work  is  in  preparation. 

e.  Neurophysiological  Study  of  Cramer  .fun  57  Sept  57 

Apparent  Adaptation  Effects.  Wells 

Guedry 

Recent  work  has  demonstrated  the  presence  of  change-*  In  vestibular  response  to  an 
unvarying  stimulus.  Electrophvsiological  records  will  be  taken  at  the  level  of  the  vestibular 
nuclei  and,  if  possible,  at  the  peripheral  nerve  as  it  leases  the  end-organ  during  prolonged 
constant  angular  acceleration.  This  should  provide  important  Information  relating  to  the 
apparent  adaptation  effects  already  observed. 

f.  Perception  of  Moving  Objects.  Guedry  Oct  57  Feb  5P 

Gogel 

A  series  of  studies  is  planned  concerning  the  perception  of  motion  of  objects  moving 
through  *s  much  as  25  degrees  visual  angle  where  the  magnitude  and  direction  of  move¬ 
ment  are  systematically  varied.  It  is  planned  to  measure  errors  -f  prediction  of  position 
based  upon  observation  of  motion  of  the  object. 

g.  Influence  of  Motion  Sickness  Cramer  Sep  56  Oct  57 

Preventive  Drugs  on  Psycho-  &  others 

logical  Factors  Involved  in 
the  Performance  of  Various 
Military  Duties. 

The  design  of  this  study  calls  for  the  use  of  two  motion  sickness  preventive  drugs,  one 
with  slight  side  effects  and  one  with  strong  side  effects,  and  a  placebo.  Attention  is 
focused  on  three  issues;  (1)  the  importance  of  time  intervals  after  ingestion  of  the  drugs, 
(2)  the  side  effect*  of  the  drugs,  (3)  the  interaction  between  the  side  effects  of  the  drugs 
and  the  time  interval. 
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h.  Interaction  of  the  Effects  Carlton  Dec  56  Jul  57 

of  Sodium  Pentobarbital 

md  Alcohol  upon  Operant  c 

behavior  of  the  Rat. 

Light  dosages  of  sodium  pentobarbital  in  water  prod  iced  a  marked  reduction  In  response 
output,  althuugh  neither  the  animals*  motor  ability  nor  its  "alertness**  were  noticeably- 
altered.  However,  sodium  pentobarbital  in  solution  with  propolene  glycol  and  alcohol 
no  rot*h!e  shift  in  response  output.  Neither  the  water  solution  nor  the  propolene 
glycol  solution  produced  a  significant  shift  in"timing  behavior*’ in  rats.  The  report  of 
this  work  is  in  press. 

i.  Interaction  of  Vestibular  Koella  Aug  57  May  53 

Stimuli  and  Electrical  a  Vest. 

Stimulation  of  the  Brain  Stem.  Section 

This  is  an  investigation  of  the  effects  of  electrical  stimulation  of  different  regions  of 
the  brain  st*m  on  tne  nystagmic  respon  of  rabbit.  It  is  believed  that  areas  of  inhibition 
and  areas  of  facilitation  of  the  vestibular  response  will  be  located. 

j.  Differential  Satiation  Effects  Carlton  Apr  57  Aug  57 

Under  1'ixed-ratlo  and  Regular 

Reinforcement  Schedules. 

Water  deprived  rats  were  extensively  trained  on  concurrent  fixed-ratio  and  regular 
reinforcement  schedules.  After  their  performance  had  stabilized,  the  effects  of  partial 
satiation  of  their  thirst  on  the  behav  or  generated  by  these  two  schedules  were  observed. 
Satiation  served  to  incren?c  the  durat’>r  ot  periods  ot  no  responding  under  the  fixed-ratio 
schedule  without  altering  the  response  rate.  On  the  other  hand,  responding  under  the 
regular  reinfo -cement  schedule  wa3  unchanged. 


2 .  Cor.tr act  Research 


Title 

Contractor 

Date 

Started 

Completion 

Date 

a.  Effect  of  Large  Displacement 

Vibration,  jn  Human  Performance 

Bostrom 

Research 

Laboratories. 

Milwaukee, 

Wtaconsln 

Apr  57 

continuing 

This  is  a  new  project  which  has  been  in  effect  for  four  (4)  months.  There  has  been  no 
progress  reported  to  date.  .  t. 

The  purpose  of  this  research  is  to  study  the  effects  of  vibration  typically  experienced 
by  drivers  of  trucks,  tractors,  and  heavy  earth  moving  equipment  on  human  psychomotor 
performance.  The  frequencies  and  amplitudes  to  be  studied  will  be  in  the  range  of  1  to  8 
cycles  per  second  with  displacements  between  1/ 1 6  of  an  inch  and  8  Inches.  Approxi¬ 
mately  10  subjects  will  be  vibrated  for  periods  up  to  three  hours  at  various  intensity 
levels.  They  will  be  tested  before  vibration,  at  regular  Intervals  during  vibration  and  at 
regular  intervals  after  vibration.  The  tests  will  include  hand  steadiness,  body  sway,  bin¬ 
ocular  visual  acuity,  reaction  time,  hand  tracking,  a  vigilance  test,  and  mental  addition. 
The  data  gathered  irom  the  various  intensity  levels  will  be  analyzed  statistically  against 
a  control  condition.  The  analysis  will  be  of  mean  performance  as  well  as  variability  of 
performance.  The  deterioration  in  human  performance  due  to  vibration  will  also  be 
analyzed  as  a  function  of  time. 


HI.  BIBLIOGRAPHY  OF  PUBLISHED  REPORTS.  1956-1957 
Experimental  Psychology  department 
US  Army  Medical  Research  Laboratory 

Report  No.  215,  12  January  1956.  The  sensing  of  relative  distance.  W,  C.  Gogel  and  J.  A. 
Schneps. 

Report  No.  216,  |7  January  1956.  The  judgment  of  angular  positions  in  the  horizontal  olane 
on  the  basis  of  kinesthetic  cues.  L.  5.  Caldw-11  and  M.  J.  Herberl. 
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Report  No.  218,  15  February  1956.  The  effects  of  noise  on  eye  movements.  J.  Krauskopf, 
P.  D.  Coleman  and  R.  Kalla. 

Report  No.  22  1,  27  January  1956.  The  effects  oi  retinal  image  motion  on  contrast  thresholds. 
J.  Krauskopf  and  R.  Kalla. 

Report  No.  223,  6  April  196*.  Frequency  discrimination  of  pure  and  pulse  tones.  R.  Cramer 
and  L.  Zeitlin. 

Report  No.  22 5,  7  March  1956,  Combined  environmental  stresses  and  manual  dexterity. 
Edwin  G.  Aiken. 

Report  No  230,  11  Ar.ril  1956.  A  field  study  of  a  vigilance  task.  Michel  Loeb,  Gabriel 
Jeanthea  i,  and  Lelon  A.  Weaver. 

Report  No-  231,  18  April  1956.  A  field  study  of  rifle  aiming  steadiness  and  serial  reaction 
performance  as  affected  by  thermal  stress  and  activity.  L.  J.  Peacock. 

{leport  No.  232,  20  April  1956.  Note  on  the  operation  of  the  standard  electric  timer  from 
storage  batteries  by  use  of  a  current  converter.  J.  M.  Newton. 

Report  No.  233,  27  April  1956.  The  accuracy  of  constant  angular  displacement  of  the  arm 
in  the  horizontal  plane  as  influenced  by  the  direction  and  locus  of  the  primary 
adjustive  movement.  f ,  S.  Caldwell. 

Report  No.  235,  9  May  1956.  The  retinal  size  of  a  familiar  object  as  a  determiner  of  apparent 
distance.  W.  C.  Gogel,  B.  O.  Hartman,  G.  S.  Harker,  K.  Inaba,  R.  E.  Page 
and  J.  J.  Cox. 

Report  No.  236,  23  April  1956.  I,RFTA*,--A  special  purpose  computer  for  studies  in  the 
human  control  of  complex  equipment.  Bryce  O.  Hartman,  John  K.  Wetherbce, 
Woodrow  Bates  and  George  Potenza. 

Report  No.  23°,  24  May  1956.  Judgments  of  visual  velocity  as  a  function  of  length  of  ob¬ 
servation  time.  A.  G.  Goldstein  and  L.  K.  Williams. 

Report  No.  242,  23  May  1956.  Description  of  Human  Rotation  Device.  F.  E.  Guedry,  Jr.  and 
Harvey  Kalter. 

Report  No.  245,  28  June  i956.  Graphic  time -on-target:  a  tracking  score  with  both  qualitative 
and  quantitative  aspects.  Bryce  O.  Hartman. 

Report  No.  248,  October  1956.  Further  studies  on  frequency  disc rimination  of  pure  and 
complex  tones.  L.  R.  Zeitlin  and  R.  L.  Cramer. 

Report  No.  258,  31  January  1957.  Judgments  of  visual  velocity  as  a  function  of  the  length  of 
observation  time  of  moving  or  non-moving  stimuli.  Alvin  G.  Goldstein. 

Report  No.  260,  25  March  1957.  The  speed  and  accuracy  with  which  six  linear  arm  move¬ 
ments  can  be  visually  positioned  from  two  different  control  locations. 
Marvin  J.  Herbert. 

Report  No.  261,  18  March  l?5^.  Some  effects  of  interacting  vestibular  stimuli.  F.  E.  Guedry. 

Report  No.  263,  20  March  1957.  Th^  effect  of  target  frequency  on  pursuit  tracking.  Bryce  O. 
Hartman. 

Report  No.  286,  5  April  1957.  The  influence  of  intense  noise  on  a  precise  fatiguing  task. 
M.  Loeb. 

Report  No.  269.  3  June  1957.  The  effect  of  intense  stimulation  on  the  perception  of  time. 
M.  Loeb. 

Report  No.  270,  25  March  1957.  The  effects  of  noise  on  work  output  snd  physiological  ac- 
tivatim.  M.  M.  Helper. 
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Report  April  i!r>7.  Tiie  effec  t  of  target  frequency  on  compensatory  tracking. 

13 rvc*f  O.  Hartman. 


Report  Nc .  275#  25  March  1957,  Nystagmic  eve  movements  during ineracting  vestibular  stimuli* 
F.  F  .  Guedry,  l-  J.  Pearork,  and  R.  L.  Cramer. 

Report  No.  Ill,  25  f.'arch  195?.  Response  acquisition  and  reversal  under  cold  stress.  Edwin  G. 
Aikc!  . 

Rupert  No.  278,  7  M.  y  1957.  The  interrelation  of  vernier  and  stereoscopic  acuities  in  the 
maki’.q  of  an  equidistant  judgment.  George  3.  Harker. 

Report  No.  275.  9  May  ;957.  The  effect  of  joystick  length  on  pursuit  tracking.  Bryce  O. 
Hartr.  an. 

Report  No.  282,  17  January  1957.  A  survey  of  hearing  losses  among  armor  personnel.  John  L. 
Fletcher  and  Lawrence  N.  Salomon, 

Report  No.  283,  19  December  1956.  Behavioral  concomitants  of  cold  adaptation;  I.  Rate  of 
responding  at  2.5°C.  1..  J.  Peacock  and  R.  A.  Marks. 

Report  No.  284,  10  Jun*  1957.  Behavioral  none cmi* ants  of  cold  adaptation:  If.  Rate  of  re¬ 
sponding  at  -5°  C.  L.  J.  Peacock  ctnv'  !l.  A.  Marks. 

Report  No.  285,  16  June  1957.  The  effects  of  auxiliary  tropical  heat  on  manual  dexterity  In 
the  c<  ld.  .1.  M.  Newton  and  I..  J.  Peacock. 

Report  No.  288  in  press..  Precise  control  manipulation  as  a  function  of  control  location. 
Raymr.no  C.  Sidorsky. 

Report  No.  289.  28  June  1957.  Response  reversal  and  fatigue.  Edwin  G.  Aiken. 

Report  No.  29*,  ir.  press.  Adaptation  effects  in  vestibular  reactions,  F.  E.  Guedry  and  N. 
Bebermai  . 

Report  No.  296,  in  press.  Pe -celved  front*.!  size  as  a  determiner  of  perceived  stereoscopic 

depth.  W.  C.  Cogel. 

Report  No.  ?Q8,  in  press.  Behavioral  concomitants  of  cold  adaptation:  III.  Temporal  de¬ 
velopment  of  behavioral  differences.  L.  J.  Peacock  and  R.  A.  Marks. 

Re;  art  No.  299.  in  press.  Heal  a-  a  reinforcement  lor  operant  behavior.  P.  L.  Carlton 
and  R.  A.  Marks. 

Report  No.  300,  in  p*ess.  Effects  of  variations  In  ambient  temperature  on  certain  measures 
of  tracking  •kill  and  sensory  sensitivity.  R.  W.  Russell. 

Report  No.  301,  in  press.  Differences  in  response  latency  with  different  magnitude  angular 
e  accelerations.  F.  E.  Guedry  and  G.  Richmond. 

Report  No.  302,  in  press.  Localization  of  sounds  In  depth.  John  L.  Fletcher. 

Report  No.  304,  in  press.  The  interacting  effects  of  sodium  pentobarbital  and  two  alcohols 
or.  the  operant  behavior  of  the  rat.  P.  L.  Carlton. 

Report  No.  308,  in  press.  The  effect  of  the  extent  of  movement  (control  sensitivity)  on  pursuit 
tracking  performance.  B.  O.  Hartman. 

Report  No.  ,  in  press.  Differential  satiation  effects  under  fixed-ratio  and  regular  rein¬ 
forcement  schedules.  P.  L.  Carlton. 
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in  press.  Analysis  of  abductive  and  adductive  pha*e*  of  movement  in:  con¬ 
tinuous  tracking.  Li.  U.  Hartman,  Marvin  Herbert,  and  W.  E.  Jaynes. 

in  press.  Snunn  localization  in  depth  and  direction  tinder  three  climatic 
:•  .nui lions,  uwrcnce  N.  Solomon  and  Paul  D»  Coleman. 

ir.  press.  Hu*  relative  loudness  of  pure  and  complex  tones.  Lawrence  R. 
..me  jin. 

to  press.  \n  observer  constant  in  the  perception  of  stereoscopic  depth. 

a  ;*i«.‘sjel. 

;r.  press,  neat  :e  info  reed  operant  bchavioi  a*  a  function  of  prolonged  cold 
exposure.  P.  L.  Carlton  and  R.  A.  Marks. 


ORDNANCE  CORPS 


Human  Engineering  Activities 

I.  U.  S.  Army  Ordinance  Him  an  Enginr»T  ing  Laboratory,  Aberdeen  Proving  Ground,  Mary 
land 

1 .  Vitae 

2.  Current  Projects 

J.  Bibliography  of  Published  Reports 

II.  Ordnance  Weapons  Command.  Rock  Island,  Illinois 

1.  Vjta»* 

2.  Current  Projects 

1.  Bibliography  of  Published  Reports 

III.  Ordnance  Tank- Automotive  Command,  Detroit  Arsenal,  Center  Line,  Michigan 

1 ,  Vitae  • 

2.  Current  Protects 

t  *•(  PnKliclin^ 

*'•*•••  o-  “r,if . v  *“K  * 

IV.  Piratinny  Arsenal 

1 .  Vitae 

2.  Current  Projects  ' 

3.  Bibliography  of  Published  Reports 

V.  Watertown  Arsenal 

1.  Vita 

2.  Current  Projects 

3.  Bibtiog.  aphy  of  Published  Reports 

VI.  U.  5.  Army  Ordnance  Arsenal,  Redstone,  Huntsville,  Alabama 

1.  Vita 

2.  Current  Projects 

3.  Bibliography  of  Published  Reports  c 

VII.  U.  S.  Army  Ordnance  Arsenal,  Watervliet,  Watervliet,  New  York 

1.  Vita 

2.  Current  Projects 

3.  Bibliograohy  of  Published  Reports 


f.  L.  S.  Army  Ordnance  Human  En^i  net-rim;  Laboratory 
Aberdeen  Proving  (Ground,.  Maryland 

VITAE 


Lcnu  Physical  Socnri*  A»3:stdnt,  Private 
!lA  Alfred  ^mvpr^itv.  I'Jnn 

Andrew.  >wn»;-,t  K..  Kfj,;rari.‘h  and  l)>:volot>r!U'nt  Coordinator.  Isl  I.t 
HA,  Dartmouth  Cone^i!,  j*ISi 

•  ‘-r.  ftat.ian  ii,  >»•  til  Science  Assistant,  SP  J 


A  Inert  Social  Science  Assistant,  :>P  $ 

'‘•A,  Mj,.\ »•  r.ii;  »•  oi  Vir^.i.i.i,  idS4 

Alack :i»e r .  Raymond  r Klrctn'mcb  Sc  i»v»t  •?;* 

AS,  v'li’.cr  a  v  of  W,c,  »»  buMdt .»,  •  I  9*>4 

P*  .‘.'m/  :  ,  A:1  Ii.,  Mv<  I.arot  al  F;.;u,vi‘f  A  . distant.  PFC 
HS,  Stanford  Lniversiy,  i  '‘V/ 

Cor.jjictcm,  Curtis  I).,  Research  and  Development  Coordinator,  id  Lt 
US,  University  of  Kentucky.  H*7 

•...-'■•per,  p.,  Social  Scien*  e  A:  si  slant .  Private 

M's,  v.!\»:nsi  .1  College,  I*# St* 

•  r  -nk.  .  ••••mid  H . ,  .Social  Science  A  sc- stant ,  private 

•  i  \,  .  ri r.»jr rout  University,  l?*So 

;  *r>  i  r  :«*s  S  ,  Supervi*»n  y  Engineer  (Human  Factors} 

M.irvlrnd  {nstitite  Seine. ]  >{  Wcl.anical  Arts 

»•••*■  rir:».  l.'.wrmre  K..  Fra* inc •* r  •'Human  Factors) 

Hh,  University  ol  Miine,  l9/( 

Don.**/,  Ray,  Engineer  (Hurnati  Factors) 

Mi.,  Uriversity  of  Cinc  .nn  • .  1954 

■  .-.‘••;re  .  ■•••»>.,,  v choiag ;  »t  'Human  Kr.Jinorr  ny, 

M  .  '»»•*  V.nk  vii; .  i- i  n  i-.y  ,  !)j!J 

i.nan.  «cf  mtrd  M.,  Mechanical  Engineer  sm.anl,  P  t  C 
■  ,  Institute  of  Trci.i.*..- -i* »,  JSJ 

Ferrero.  Harvey  J.,  TJ raftsman,  PFC 

Lawrence  Institute  ot  fcchnoi *gy,  1955 


•  JJj  ;/  ;  *  A,  ,  l>r  ik-SijIij-ii  vt 

>  Mi  r.  -n  .*tat».*  U ni ve r s it v ,  i  i£>. 

'(•nrtn.  Robert  E«,  Supervisory  Enam  cr  (Human  Factors) 
MS,  Northwestern  University,  »v)i4 

Kaicnmar.  Dr.  Leon  T.,  Psychologist  (Human  Engineering) 
PhD,  University  of  Maryland.  1954 

Kurke,  Martin  I.,  Psychologist  (Human  Engineering) 

MA,  University  *>f  Buffalo,  1952 

I*arkin,  Jerome  D.,  Electrii.e.l  Engineer  Assistant.  Private 
HS,  Manhattan  College.  1  ? S S 
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Mack,  Lois  F.,  Psychologist 

B 5,  Howard  University,  1953 

Me  Cain,  Claude  N.,  Engineer  (Human  Factors) 

BS,  University  of  South  Carolina,  1950 

Meier,  Calvin  G.,  Engineer  (Human  Factors) 

BSE,  Davis  fc  Elkins  College,  1950 

Kamlall.  James  I.,  Supervisory  Electronics  Scientist 
Johns  Hopkins  University 

Reilly,  Edward  C.,  Budget  Officer 

BS,  University  of  Rhode  Island,  1953 

Rose,  Anthony  J.,  Mechanical  Engineer  Assistant,  SP3 
BS,  Case  Institute  of  Technology,  1951 

Sande**",  Leonard  A.,  Social  Science  Assistant,  PFC 
BA,  City  College  of  New  York,  1956 

Schultz,  Duane  P.,  Social  Science  Assistant,  Private 
MA,  Syracuse  University,  1956 

Stephens,  John  A.,  Engineer  (Human  Factors) 

BEA,  Rhode  Island  School  of  Design,  1951 

Smith,  Frank  W,  Jr,,  Social  Science  Assistant,  PFC 
BA,  University  of  Virginia,  1955 

Sova,  Bruno  L.  Jr.,  Electrical  Engineer  Assistant,  PFC 
BS,  Worcester  Polytechnic  Institute,  1955 

Torre,  James  P.  Jr.,  Psychologist 
BA,  AdelpM  College,  1954 

Van  Huyck,  Alfred  P.,  Research  and  Development  Coordinator,  1st  Li 
BA,  Dartmouth  College,  1955 

Weiss,  Dr.  Edward  C.,  Psychologist  (Human  Engineering) 

PhD,  University  vf  Maryland,  1954 

Weisz,  Dr.  John  D.,  Supervisory  Psychologist  (Human  Engineering)  Director 
PhD,  University  of  Nebraska,  1953 


CURRENT  PROJECTS 


A.  BACKGROUND  RESEARCH  ACTIVITIES 

Project  Experimenters  Date  Estimated 

r  -  ■  '  •  -  _ _ _ _  Started  Completion 

1.  RliD  on  Steering  Control  R.  E.  Jellnek  May  54  Aug  57 

Devices  in  Track-Laying  L.  T.  Katchmar 

Vehicles 

This  is  a  laboratory  study  in  which  a  driving  simulator  is  being  constructed  which  will  be 
used  to  evaluate  driving  performance  of  military  personnel  using  five  different  types  of  steer¬ 
ing  controls.  The  ultimate  goal  of  this  project  is  to  provide  a  facility  which  will  permit  a  series 
of  investigations  which  will  be  designed  to  determine  the  optimum  type  of  steering  control  and 
control  deficiencies  for  track  laying  vehicles. 

2.  The  Effect*  of  Visual  R.  E.  Jelinek  Aug  57  Dec  57 

Field  on  Simulated  Driving  L.  T.  Katchmar 

Performance 
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1  iiis  •»vj  <?r r*r»«»n*  ii  dv*iifried  to  determine  lii*»  requircrm «»f  the  visual  s.tiinoi«is  field 
i«jr  ev.i  lui.tin  j  .siinuir  ted  driving  perforn 

.is  <!r.vc(perinr'n  the  r.e«  «s  *>«arv  control  "v>vsnsc,«l*)  along  a  prescribed  course 
u.ioer  two  condi;  ions  lii<»  fir&t  course  condition  is  defined  by  th  5  path  of  a  moving  spot  of  light 
and  Hit*  sect*  td  a  notion  picture  projection  of  a  road.  Both  condition?;  are  identical  in  terms 
of  control  m  lvemer.ts  required  but  differ  in  the  amount  of  visual  information  presented* 

i.  An  Evaluation  ot  Selected  H.  F.  Pohlmaa  Dec  56  July  57 

Kifle  Sights  Under  Two  L,  T.  Katchmar 

levels  of  .i  U;  mi  nation 

liiis  experiment  evaluated  two  experimental  rifle-  sights  and  the  standard  Ml  sight  under 
t'v‘>  levels  of  illumination  and  under  conditions  c.f  actual  firing.  The  levels  of  illumination  were 
1  and  KO-ft.  candles.  The  experimental  sights  hsd  previously  been  reported  to  permit  the  best 
sighting  accuracy  under  low  levels  o'  illumination  when  evaluated  with  the  aid  of  static  train¬ 
ing  device. 

Ten  subjects,  using  a  highly  accurate  .22  caliber  rifle,  fired  four  10 -shot  groups  at  a 
distance  of  100  \  ards  under  all  conditions  of  sights  and  illuminat.oa.  The  results  indicate  little 
difference  in  m-*an  radius  accuracy  for  the  three  different  sights  under  low  Illumination.  Ac¬ 
curacy  was  greatest  with  the  Ml  sight  unde,  h’gh  illumination. 

4.  An  Evaluation  of  the  Three  W.  Blair  Nov  56  Jul  57 

Proposed  Sets  of  AAOC  J.  Torre 

Radar  Symbols  L.  Sanders 

The  three  sets  of  symbols  under  evaluation  were  the  HAWK,  NIKE  land  NIKE  11  symbols. 
Two  .  todies  were  designed  lor  this  evaluation.  The  first  study  employed  a  tachistoacope  to 
ontain  recognition  thresholds  for  each  of  the  different  sets  of  symbols  under  conditions  of 
rr  »*;’n;nc  assigned  to  symbols  and  number  assigned  to  symbols.  The  second  study  employed  a 
simulated  P.P.l.  presentation  which  permitted  the  control  of  such  factors  as  number  of  sym¬ 
bol  the  proportion  cf  symbols  within  a  set,  and  distribution  of  symbols  presented.  In  any 
given  presentation  subjects  were  required  to  mark  a  certain  type  of  symbol  or  symbols,  as 
arc  irately  and  quickly  as  possible.  A  total  of  30  subjects  participated  in  these  studies. 

*1  he  fesults  indicate  that  me  discemibility  of  a  particular  symbol  is  a  function  of  the 
••cjTitext  of  symbols**  in  which  it  occurs.  In  terms  of  performance,  the  rank  order  of  symbol 
set?,  were  HAWK,  NIrvE  1  ?*»d  N*KF  ?!. 

r.  An  Investigation  of  the 
U4***  ol  Graphic  R-.  ;in  sen 
tat  inn  of  Feeling  States 
for  Symbolic  Displays 

The  attempt  to  aid  radar  operators  in  identifying  radar  targets  by  the  use  of  symbols 
requires  that  a  set  of  symbols  be  devised  which  will  be  easily  discriminable,  sufficiently 
different  trom  each  other  to  avoid  confusion  between  symbols,  maid  Immediate  action  symbols 
be  easily  identified  under  conditions  of  high  symbol  saturation. 

This  investigation  is  an  attempt  to  determine  whether  there  exists  within  the  military 
population  any  communalitv  in  the  graphic  depiction  of  such  feeling  states  as  hositilily,  friend, 
enemy,  etc.  it  any  communality  is  found  to  exist  the  symbols  will  be  used  to  derive  a  refined 
set  of  symbols  which  will  be  evaluated  under  simulated  radar  conditions  to  determine  their 
effectiveness  for  identification  of  targets. 

Graphic  depictions  will  be  obtained  from  2C0  subjects  under  group  testing  conditions  and 
50  subjects  under  individual  testing  conditions. 

6.  The  Motivational  Effects  N.  H.  Asrin  Aug  57  Dec  57 

Of  Rest  Periods  on  L.  A.  Sanders 

Performance 

Characteristically,  performance  over  extended  periods  of  time  exhibits  progressive  dec¬ 
rement.  Th*s  performance  decrement  has  been  variously  explained  by  concepts  like  fatigue, 
boredom,  ar.d  monotony.  A  number  of  methods  have  been  discovered  which,  when  applied, 
appear  to  eliminate,  reduce  or  forestall  performance  decrement.  One  of  the  many  methods 
used  is  the  injection  of  brief  rest  periods. 
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L.  Sanders  Juir  57  Oct  57 

J.  Torre 
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The  present  study  is  concerned  with  the  use  of  rest  periods  to  increase  performance. 
There  ^  <nme  evidence  to  indicate  that  rest  periods  possess  an  inherent  motivating  Value 
above  and  beyond  simply  providing  time  for  "fatigue  products"  to  dissipate.  The  present 
experiment  is  designed  to  (l)  investigate  the  hypothesis  that  rest  periods  do  possess  motiva¬ 
tional  value,  and  (2),  to  explore  several  variables  which  may  affect  this  motivational  value. 

7.  The  Effects  of  Noise  on  N.  H.  Azrin  Dec  56  Nov  57 

a  Vigilance  Task 

Apa-t  from  its  effects  on  hearing  and  communication,  noise  is  generally  assumed  to  ex¬ 
ert  a  detrimental  effect  on  performance,  however,  in  the  literature  there  are  reports  of  no 
effect,  detrimental  effects  and  beneficial  effects.  To  say  the  least  the  results  are  ambiguous. 

Th-’  present  experiment  was  designed  to  systematic. illy  investigate  the  effects  of  various 
noise  schedules,  ranging  from  continuous  noise  to  brief  bursts  of  reponse  produced  noise,  on 
«i  task  which  requires  a  high  degree  of  attention.  The  tas  k  employed  requires  that  the  subject 
make  a  response  as  soon  as  he  detects  the  stimulus.  In  order  to  observe  whether  the  stimulus 
is  present  the  subject  is  required  to  make  another  response  which  permits  a  brief  view  of  the 
stimulus  field.  It  is  this""looking  response"  which  will  provide  the  major  portion  oi  the  data 
for  this  experiment. 

8.  Physiological  and  Psycho-  S.  A.  Hicks  Aug  55  Continuing 

logical  Effects  of  Muzzle  J.  J.  Romba 

and  Breech  Blast  L.  T.  Katchmar 

This  program  represents  a  coordinated  effort  on  the  part  of  the  Human  Engineering 
Laboratory,  the  Shock  Tube  Facility  of  the  Ballistic  Research  Laboratories  and  the  Chemical 
Corps  Medical  Laboratory.  The  program  was  initiated  to  determine  the  effects  of  blast  para¬ 
meters  on  various  types  of  performance.  Because  of  the  obvious  hazards  involved  the  pro¬ 
gram  was  initiated  on  an  animal  level.  The  overall  program  consists  of  three  phases. 

The  first,  or  physiological  phase,  has  as  its  goal  the  determination  of  lethality  limits  in 
addition  to  determining  the  groj*  physiological  damage  resulting  from  sub-lethal  blast  pres¬ 
sures.  Three  conditions  of  exposure  have  been  used:  (1)  direct  exposure  to  blast  waves,  (2) 
exposure  in  a  side  chamber  and  (3),  blind  flange  exposures.  Under  direct  exposure  conditions 
subjects  are  exposed  to  a  combination  of  pressure  and  wind  loading  which  produces  body 
translation.  The  side  chamber  permits  exposure  to  normal  shock  tube  pressures  but  elimi¬ 
nates  the  factor  of  wind  loading.  The  blind  flange  eliminates  wind  loading  and  permits  higher 
overpressure  durations  thar.  could  normally  be  obtained  by  utilizing  the  phenomenon  of  re¬ 
flected  pressure.  < 

Data  has  been  collected  on  12  animals.  The  determination  of  lethality  limits  will  depend 
primarily  on  the  limits  of  the  shock  tube.  In  most  cases  Fastax  motion  picures  were  obtained. 

The  second  cr  Psychological  phase,  has  as  its  goal  the  effects  of  blast  on  psychological 
behavior,  e.g.,  learning,  retention,  motor  coordination  The  first  group  of  animals  has  been 
trained  on  a  battery  o t  tests  developed  at  the  Wisconsin  Psychological  Laboratory.  It  is 
anticipated  :hat  '  xposure  of  thes*.  animals  to  sub-lethal  blast  levels  will  begin  during  August. 
Both  single  and  multiple  exposure  are  planned. 

The  third  phase  involves  the  development  of  a  wide  variety  of  mental,  motor  and  motiva¬ 
tional  tasks  to  be  administered  to  operators  of  artillery  weapons  before  and  after  scheduled 
firings.  An  attempt  will  be  made  to  scale  any  observed  behavioral  changes  according  to  the 
pressures  which  are  characteristic  cf  particular  types  of  weapon*. 

9.  Development  of  an  Optical  R.  Donley  Mar  56  Sep  57 

Projector  for  Simulated 

Radar  Studies 

Research  on  current  and  future  radar  problems  is  often  limited  to  or  dependent  upon  the 
development  of  adequate  electronic  equipment.  For  example,  the  presently  available  electronic 
equipment  for  research  on  radar  symbols  is  limited  to  sine  wave  derived  symbols.  An  optical 
projection  system  is  being  developed  as  an  interim  item  which  will  permit  the  isolation  of  those 
significant  display  variables  which  should  be  further  investigated  with  actual  electronic  equip¬ 
ment.  The  equipment  in  this  manner  will  aid  and  provide  guides  for  the  development  of  future 
electronic  facilities.  The  optical  projection  system  will  be  capable  of  presenting  both  »tatic 
and  dynamic  displays. 
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10.  D».  vt  loprm-r.t  of  Radar  J.  I.  Randall  May  56  Continuing 

Simulation  Equipment  M.  I.  Ku*ke 

J.  A .  Stephens 

..  C.  N.  McCain 

The  goal  c»f  this  deve  opment  program  is  t<  provide  a  master  facility  which  will  permit 
tl.«  investigation  c*f  a  wid.*  variety  of  pj.yc hoi ogjr  a!  and  electronic  variables  in  the  display  of 
radar  information,  in  addit  on  to  its  important  e  as  a  research  tool ,  this  laciiily  will  lit 
capable  of  simulating  for  eviluation,  complete  tactical  situations  which  are  anticipated  for 
'•ari-nis  types  of  w«*»pnn»  systems. 

At  present  an  electronic  system  has  been  developed  which  ts  capable  of  displaying  a  wide 
variety  of  f  «**e  wa^e  eeriv«H  «»r«h*»is  on  an  M3  J  scope.  Studies  utilizing  this  simulating  equip¬ 
ment  will  beg^n  vt'ry  •shortly. 

a .  S VST K Ms  F: V a  LU ATlON  A CT1  VI  TIES 

11.  L.A.A.  Weapon  Sv«»icm  C*.  N.  McCain,  Jr.  Oct  56  Continuing 

(Towed  V«  r sic*o/  F  .  C.  Weiss 

M.  !.  Kurke 

Tins  is  a  continuing  program  to  provide  human  (actors  design  requirements  fur  the  de¬ 
velopment  of  this  system.  The  forming  of  thus  ?  requirements  is  the  outgrowth  of  personnel 
experience  wth  Msr.ilar  systems,  literature  reviews  and  controlled  experimentation.  At 
prer.ent  two  «  *:periments  arc  unde*  way.  The  first  experiment  is  designed  to  determine  the 
least  magnifuaMo'.:.  .  equired  to  detect  airborne  targets  ata  specified  range.  Auxiliary  to  this 
will  be  the  investigations  of  an  optimal  field  of  view  for  the  determined  level  of  magnification. 
The  second  experiment  is  designed  to  investigate  tracking  efficiency  using  varying  degrees  oi 
operator  and  tracking  mount  articulation. 

Thi*.  program  wiU  terminate  wit^  an  evaluation  of  the  developed  weapon  system. 


Evaluation  of  Specific 

Mis  sib-  Systems 

LA  CROSS  F- 

L.  Estrinc 

C.  F*  >U*r 

Jun  56 

CVmtinuin  g 

DAPT 

E.  Wviso 

J.  Torre 

C.  Cruse 

Aog  57 

Continuing 

RFDSTONK 

E.  Weiss 

L.  Feldman 

Nov  56 

Continuing 

Tiu  details  of  e*»  h  of  these  systems  are  variously  classified  from  confidential  to  secret. 
These  programs  represent  a  continuing  eflort  to  provide  contractors  with  the  necessary 
specific  human  factors  information  to  insure  operational  efficiency  of  the  fully  developed 
missile  system. 

This  type  of  activity  der  lands  that  project  personnel  become  thoroughly  familiar  with  the 
military  characteristics  and  the  tactical  situations  envisioned  for  the  system.  Following  this, 
detailed  consultations  are  held  with  contractor  personnel  to  insure  proper  cognizance  of 
human  factors  requirements  in  the  design  of  the  system.  In  many  cases  laboratory,  experi  • 
mentation  is  required  to  solve  human  engineering  problems.  An  evaluatiun  of  component' items 
is  performed  as  soon  as  the  items  are  available  in  order  to  discover  any  deficiencies.  Each  of 
these  programs  will  culminate  in  an  evaluation  of  the  complete  operational  system.  Some  of 
the  main  factors  taken  into  consideration  are: 

a.  Reduction  of  error  likely  in  situations  encountered  in  the  assembly  of  the  unit,  han¬ 
dling  of  component  Items,  checkout  procedures,  and  possible  user  abuse  of  equipment. 

b.  The  efficiency  with  which  trained  operators  can  set  up  and  use  the  equipment. 

c.  Environmental  factors  which  might  affect  the  efficiency  of  the  system. 

d.  Deriving  detailed  standard  operating  procedures  for  the  system. 

The  three  system  evaluations  enumerated  is  in  various  stages  of  completion. 


13.  Missile  Systems: 

Contract  Monitoring  t ‘ 

HAWK  J.  A.  Stephens  Jan  55  Continuing 

M.  1.  Kurke 

TALOS  B.  Moler  Mav  57  Continuing 

SERGEANT  J.  A.  Stephens  Dec  56  Continuing 

E.  C.  Weiss 

The  efficiency  of  any  missile  system,  regardless  of  type  of  design,  is  dependent  to  a  large 
degree  upon  the  ability  of  the  using  personnel  to  operate  the  equipment  as  the  designers  in¬ 
tended.  This  man-machine  relationship  has  frequently  been  neglected  in  the  past,  primarily 
due  to  the  fact  that  the  necessity  for  such  considerations  was  not  urgent  in  the  relatively 
simple  systems  then  in  use.  In  the  extremely  complex  weapons  systems  now  under  develop¬ 
ment,  this  "human  element"  has  become  one  of  the  most  important  factors  in  the  design  of  the 
system.  In  order  to  render  the  full  measure  of  effectiveness,  the  human  engineering  problems 
must  be  considered  from  the  initial  design  concept. 

To  insure  that  these  vital  "human  factors**  are  receiving  the  attention  and  design  con¬ 
siderations  merited  by  their  importance,  the  Human  Engineering  Laboratory  has  been  re¬ 
quested  by  Redstone  Arsenal  to  monitor  this  aspect  of  missile  development  being  accomplished 
by  prime  contractors. 

It  is  anticipated  that  human  engineering  monitoring  will  become  increasingly  important  as 
future  missile  systems  are  developed, 

C.  INFORMATION  DISSEMINATION  L.  Mack  Continuing 

. . . .  H.  Ferraro 

J.  Hornbeck 

To  keep  Ordnance  engineers  abreast  of  the  rapid  advances  made  in  human  engineering  an 
activity  was  created  which  has  the  responsbility  of  disseminating  valid  human  engineering  de¬ 
sign  criteria  to  Ordnance  engineers  in  a  form  that  is  practical  and  understandable.  Even  the 
most  engaging  and  promising  work  can  remain  unused  unless  read  and  digested  by  those  who 
plan  and  develop  equipment.  Proper  emphasis  on  pertinent  material  illustrations,  photographic 
layouts,  and  other  publication  techniques  is  employed  for  best  results.  Two  publications  are 
published  regularly,  a  "Data  Report"  and  a  "Newsletter." 

D.  FIELD  LIAISON  ACTIVITIES  D.  K.  Andrew  Continuing 

E  A  Vaj)  Huyck 
C.  D.  Congleton 

The  purpose  of  this  program  is  to  gather  human  engineering  data  pertinent  to  Ordnance 
materiel  assigned  to  combat  organizations.  The  data  are  gathered  from  military  personnel 
through  questionnaires,  interviews,  monitoring  maneuvers,  and  other  means  which  lend  them¬ 
selves  to  this  problem.  The  data  obtained  through  this  program  are  evaluated  by  the  Human 
Enginrering  Laboratory  and  reduced  to  design  criteria  which  are  disseminated  to  Ordnance 
design  arsenals  or  other  interested  Department  of  Defense  agencies. 

Current  surveys  include: 

a.  Comparison  of  M59,  T113  and  T117  Light  Personnel  Carriers 

b.  Atomic  checkout  procedures 

c.  Field  problems  in  the  Arctic. 

BIBLIOGRAPHY  OF  PUBLISHED  REPORTS 


TM  No.  26 
<U) 


27  Sep  1956.  Human  engineering  survey  of  armored  infantry  vehicle,  M59. 
Evan  Charney,  Anthony  J.  Rose  and  Louis  T.  Lee. 


TM  No.  27 
(C) 


29  Oct  1956.  Driver's  position  in  tanks:  a  field  evaluation  of  the  prone  posi¬ 
tion.  Harry  F.  Pohlmann,  Jr.,  and  John  E.  Leopardo. 


TM  No.  1-57 
(U) 


8  Jan  1957.  Systems  evaluation  of  the  tank,  76mm  gun  M41A1.  Martin  I.  Kurke, 
John  A.  Stephens,  Robert  Dell,  Ernest  E.  Fusco  and  Arthur  L.  Taylor. 
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June  1957.  Human  engine*  ring  c  omparison  study  of  the  ground  guidance 
stations  of  Corpora!  missile  system  type  Hand  type  III.  Alfred  P,  Van  Huyck, 
Theodore  W.  Miller  and  Bruno  L.  Suva. 


TM  No.  2-57 
(C) 


TM  No.  J-57  March  1957.  Physical  force  problems:  1.  Hand  crank  performance  for  vari- 
(U)  one  crank  radii  and  torque  load  combinations.  Leon  T.  Katchmar. 

TM  No.  4-57  April  1957.  Human  Engineering  field  survev  ot  280mm  gun  and  transporters. 

(U)  L.  K.  Andrew,  T.  W.  Miller  and  C.  3  Lansill. 

TM  No.  5-57  In  Press.  Optical  Systems  and  Aerial  Target  Detection.  Martin  I.  Kurkc  and 

(U)  Claude  N.  McCain,  Jr. 

TM  No.  6-57  In  Press.  A  study  of  cold  weather  organisational  maintenance  problems. 
(U)  Dwight  K.  Andrew,  Albert  S.  Bacon  and  Anthony  J.  Rose. 

TM  Nu.  7-57  In  Press  An  evaluation  of  selected  rifle  sights  under  two  levels  of  illumina- 

(U)  tion.  Leon  T.  Katchmar,  H.  F.  Pohlmann 

TM  No.  8-57  In  Press.  An  evaluation  of  three  proposed  sets  of  radar  symbols.  Wesley  C. 

(U)  Blair,  James  P.  Torre,  Leonard  A.  Sanders 

TM  No.  9*57  In  Press.  Literature  Review:  Tracking  control  mechanisms  and  displays 
(U)  (Light  anti-aircraft  system  oriented).  Samuel  A.  Hicks. 

TM  No.  17-2  February  1957.  First  interim  re  port- -Psychologic*!  and  physiological  effects 
(C)  of  muzzle  and  breech  blast.  Wesley  C.  Blair. 


li.  ORDNANCE  WEAPONS  COMMAND 
VITA 

Lorenzen,  Theodore  f».,  .Jr.,  Ordnance  Engineer,  ES,  Bradley  University,  1951 

CURRENT  PROJECTS 

The  Headquarters  Ordnance  Weapons  Command,  Rock  Island,  Illinois,  coordinates  the 
human  enginee*  ing  program  ot  the  Ordnance  Weapons  Command  on  all  mission  items.  The 
actual  studies  and  evaluations  of  the  development  items  take  place  at  the  member  Arsenals 
assigned  development  support  responsibility  for  the  end  item.  Principal  coordination  emphasis 
is  being  placed  on  the  following  systems. 

1.  Vigilante  <U) 

2.  Little  John  ancl  Honest  John  Helicopter  Transportable  Launchers  <U) 

3.  Octopus  (U) 

IIL  ORDNANCE  TANK- AUTOMOTIVE  COMMAND 
VITAE 

Carney,  William  H. .  Coordinator,  Engineering  Design  Branch, 

MS,  Michigan  State  University,  1957 

Hansen,  Alfred  A.  E.,  Human  Engineering  Specialist 
LLB,  Detroit  College  of  Law,  1927 

Smith,  Dar.ie!  F.f  Chief,  Special  Engineering  Branch,  RAD  Div 

CURRENT  PROJECTS 

Human  engineering  analyses  were  made  of  the  fot'owing  vehicles: 

1.  T95,  at  Detroit  Arsenal,  Centerline,  Michigan 
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2.  S.  P.  Artillery  Vehicle  T236,  at  Pacific  Car  and  F -indry  Company,  Renton,  Wash- 

insjt^n  .  .. 

3.  S.  P.  105mm  Howitzer,  T195,  at  Detroit  Arsenal 

4.  Air  Transportable  Armored  Multi-purpose  Vehicle,  at  Detroit  Arsenal 

5.  Transporter,  Double  End,  Combat  Vehicle,  at  Detroit  Arsenal 

6.  Truck,  Aircraft  Servicing,  j/4  r 4s4,  at  Detroit  Arsenal 

7.  Truck,  Tractor,  25  Ton,  8x8,  XM-375,  at  Reo  Motors,  Lansing,  Mich. 

8.  Truck,  Cargo,  5  Ton,  8x8,  XM-382,  at  Detroit  Arsenai 

9.  Truck,  Utility  1/4  ton  4x4,  XM-151,  Ford  Motor  Co.,  Detroit,  Mich. 

10.  Truck,  Cai  jo,  10  Ton,  8x8,  XM-409,  at  Detroit  Arsenal 

11.  Truck,  Fur  l  Tank,  10  Ton,  10x4,  at  Aberdeen  Proving  Ground,  Md. 

12.  Carrier,  Fertonnf.l,  T 1 1 3 ,  at  Food  Machinery  It  Chemical  Co.,  San  Jose,  Calif* 

13.  Tank,  T9*,  at  Aircraft  Armament,  lnc«,  Cockeyaville,  Md. 

14.  Vigilante  Vehicle,  at  Detroit  Arsenal 

IV.  PICATINNY  ARSENAL 
VITAE 

Goldsmith,  C.  T.,  Head,  Human  Engineering  Unit,  MA,  Fordham  University 

Peters,  G.  A.,  Psychologist,  MA,  Temple  University 

Seminara,  J.  L.,  Psychologist,  MA,  New  York  University 

Strauss,  P.  S.,  Psychologist,  MA,  New  York  University 

Worms,  P.  F.,  Psychologist,  MS,  City  College  of  New  York 

Wright,  N.  L.,  Psychologist,  MA,  Fordham  University 

CURRENT  PROJECTS 

Human  Engineering  tasks  at  Picatinny  can  conveniently  be  grouped  into  four  major  types: 

1.  Equipment  Design.  Based  on  material  available  in  the  literature,  the  experience  of 
the  Arsenal’s  Engineering  Psychologists,  and  relatively  informal  experimentation,  design 
recommendations  are  made  to  engineers.  Upon  request  of  the  project  engineer,  end-item  de¬ 
velopment  contracts  are  monitored  to  insure  that  contractors  are  making  proper  use  oi  human 
engineering  principles.  The  equipments  considered  range  from  complex  missile  warhead  tent 
and  checkout  equipment  to  relatively  simple  fuzes  and  timing  devices.  Currently,  seven  items 
are  being  considered.  Where  required  information  is  not  available  in  the  literature,  supporting 
research  tasks  are  initiated. 

2.  Supporting  Research.  The  following  tasks  have  been  undertaken  to  provide  informa¬ 
tion  urgently  needed  for  design  purposes: 

a.  Radioactive  Illmninants.  Preliminary  studies  (TM  Nos.  17and  19)  have  shown  the 
feasibility  of  backlighting  many  Ordnance  information  displays  with  self- activated  phosphors. 
Studies*  are  now  underway  to  determine  optimum  colors,  brightness,  character  sixes  and  ap¬ 
plications.  (Wright,  Seminara) 
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b.  Control/ Display  Ratio.  An  investigation  to  determine  optimum Ci/D ratio,  torque, 
and  control  size  /or  setting  multi-revolution  counter*  is  presently  underway.  (Wright,  Gold¬ 
smith) 

c.  Rotary  Knob  Torque.  A  study  aimed  at  determining  maximum  torque  which  can 
be  applied  to  various  size  knobs  is  in  progress.  (Worms,  Goldsmith) 

3.  Equipment  Review.  The  unit  is  often  called  upon  to  evaluate  specific  designs  in 
terms  of  the  ability  of  using  troops  to  handle  the  equipment  in  the  field.  These  evaluations 
may  be  comparative  or  absolute,  and  are  usually  accomplished  by  means  of  ad  hoc  experi¬ 
ments.  (See  list  of  published  reports  for  examples.) 

4.  Systems  Analysis.  Although  a  complete  man-machine  system  is  considered  in  every 
task,  some  projects  appear  to  be  mainly  concerned  with  tl.e  effect  of  severnl  aspects  of  human 
performance  on  system  output.  The  following  are  current  tasks: 

a.  3.5  inch  Rocket  System.  Our  investigation  to  determine  the  output  of  increasing 
ballistic  accuracy,  while  decreasing*  aiming  accuracy  and  time-to-fire,  in  being  conducted. 
(Strauss) 

b.  An  evaluatirn  of  the  nature  and  extent  nf  human  errors  in  artillery  accuracy  in 
relation  to  ballistic  and  other  errors  is  presently  underway.  (Strauss) 

c.  An  experimental  and  analytical  study  of  the  effectiveness  of  anti-pera<  nel  mine 
fields  in  rela.lon  to  distribution  and  visual  detectability  of  mines  is  currently  underway. 
(Peters) 

H.  An  investigation  of  the  ranging  and  aiming  error  of  a  small  caliber  weapon 
system  it  conducta.de  (Strauss) 

5*  Miscellaneous  Activities 

a.  Human  engineering  personnel  consult  with  design  engineers  with  regard  to 
optimum  design  of  specific  equipment. 

b.  Effort  i'i  being  devoted  to  monitoring  the  activities  of  a  Human  Engineering 
Laboratory  Field  Liaison  Team.  This  team  is  presently  performing  a  field  usage  survey  on 
atomic  weapons  for  this  arsenal. 

c.  A  Human  Engineering  Bulletin  is  published  periodically  togive  designers  needed 
technical  information  in  digest  form. 


BIBLIOGRAPHY  Or  PUBLISHED  REPORTS 

PA  Technical  Report  No.  2415  Visual  detection  of  tripwires  for  anti-perscr.r.*!l  mines  (Peters, 
Drum)  June  1957 

TM  Nn.  10  Nov.  1956.  The  analysis  of  human  factors  in  weapon  systems. 

(U)  C.  T.  Goldsmith 

TM  No.  11  Jan  1957.  A  human  engineering  evaluation  of  two  safety  band  assemblies  for 

(U)  Rocket  Fuse  M405.  J.  L.  Seminara 

TM  No.  12  Feb  1957*  Human  Engineering  recommendations  for  the  design  of  the  display 
(C,  of  a  mechanical  interval  timer.  Drum. 

TM  No.  13  Feb  1957.  Preliminary  l.uman  engineering  recommendations  of  the  design  of 
(U)  a  timer  and  associated  code  wheel  device.  J.  L.  Seminara 

TM  No.  14  Mar  1957.  Design  reccu.u*.  eruditions  for  the  XM77  Adaptation  Kit. 

(S)  C.  T.  Goltlainith 

TM  No.  15  Apr  1957.  Visual  detection  of  gravel  items.  J.  L.  Seminara,  G.  Peters, 

(SI  C.  T.  Goldsmith 
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TM  No. 

16 

<U) 

TM  No. 

17 

<U) 

TM  No. 

18 

(C) 

TM  No. 

19 

(U) 

TM  No. 

20 

an 

TM  No. 

21 

<U) 

TM  No. 

22 

<UJ 

TM  No. 

23 

(S) 

TM  No. 

24 

(0) 

TM  No. 

25 

<u> 

TM  No. 

26 

<U) 

TM  No. 

27 

Apv  1957.  Methodological  applications  of  human  factors  ir.  operations  re¬ 
search.  G.  A.  Pctere,  C.  i' .  Goldsmith 

May  1957.  Detection  thresholds  for  radioactive  self-luminous  panel  markings 
at  night.  J.  L.  Seminars,  C.  T.  Goldsmith 

Jun  1957.  Sightless  aiming  of  T48  (CLAYMORE)  Mines.  G.  A.  Peters,  C.  T. 
Goldsmith 

Jul  1957.  Psychophysical  investigation  of  thresholds  for  alphame^^®!  char¬ 
acters  backlighted  by  rad.oactivc  illuminants.  N.  L.  Wright,  J.  L.  Seminara 

Jul  195/.  Ram  loading  of  artillery  ammunition  by  men:  II.  Experimental 
rammiig.  C.  T.  Goldsmith 

Jul  )?r>7,  Conversion  of  visible  height  cover  functions  to  presented  target 
area.  G.  A.  Peters,  Gross 

Jul  1957.  Design  recommendations  for  a  Nuclear  Timer  and  associated  Scroll 
code  device.  J.  L.  Seminara 

In  Press.  Design  recommendations  for  the  XM 8 6  Adaption  Kit.  J,  L.  Seminara 


In  Press.  Arming  Torque  in  the  T37E4  Mine.  P.  F.  Worms 


In  Press.  An  evaluation  of  opening  devices  for  metal  containers  under  arctic 
conditions.  P.  F.  Worms,  P.  5.  Strauss.  G.  A.  Peters 

In  Press.  Human  surface  area:  Estimate  for  the  determination  of  the  lethality 
of  weapons.  G.  A.  Peters,  Gross 

In  Press.  Color  coding  of  equipment  design.  G.  A.  Peters,  C.  T.  Goldsmith 


V.  WATERTOWN  ARSENAL 
VITA 

Ernst,  Harry  W.  Ordnance  Design  Engineer 

CURRENT  PROJECTS 

Human  factors  project  have  been  conducted  in  the  design  of  the  XM33  Launcher  and 
presently  on  the  Vigilante.  Both  of  these  projects  are  classified. 


VI.  U.S.  ARMY  ORDNANCE  ARSENAL,  REDSTONE,  HUNTSVILLE,  ALABAMA 

VITA 

Graham,  Donald  I.,  Jr.,  Technical  Advisor,  Field  Protective  Measures  and  Human  Engineer¬ 
ing,  CE  degree.  Northwestern  University,  1937 

CURRENT  PROJECTS 

This  arsenal  has  current  and  continuing  human  factors  studies  involved  with  the  following 
guided  missile  projects.  In  brackets  are  the  contractors  or  other  groups  having  an  active 
interest  in  such  studies  and  funded  by  this  arsenal  directly  or  indirectly: 

1,  DART  (Aerophysics  Dev  Corp  -  HEL) 

2,  LACROSSE  (Martin  Co  -  HEL) 
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3.  SERGEANT  (JPL  -  HEL) 

4.  HAWK  (Raytheon  Corp  -  Dunlap  k  Aaaociatea  -  HEL) 

5.  N1KE-AJAX  It  HERCULES  (BTL  -  Douglas  Aircraft) 

6.  TALCS  (RCA) 


vn.  U.S.  ARMY  ORDNANCE  ARSENAL,  WATERVLIET,  WATERVLIET,  NEW  YORK 

VITA 

DeTogni,  Gino  R.,  Ordnance  Engineer  (human  factors),  B.S.  in  Phyaica,  Union  College,  1951 


1.  VIGILANTE 


CURRENT  PROJECTS 


2.  Pivot  Chamber 

3.  Environmental  Studieo 


BIBLIOGRAPHY  OF  PUBLISHED  REPORTS 


ORDBG-4,  Jan  S7,  Semi-Annual  Report  on  Ordnance  Engineering  for  Troop 
Operational  Factora  at  Wntervliet  Arsenal;  G.  R.  DeTogni. 

Quarterly  Report,  July  1957,  Environmental  Teat  of  Cannon  Components;  Q,  R,  DeTogni. 


ORDBG-4,  Aug  57,  Semi-Annual  Report  on  Ordnance  Engineering  for  Troop  Operational 
Factora  at  Watervliet  Arsenal;  G.  R.  DeTogni. 

Quarterly  Report,  July  57,  Environmental  Teat  of  Cannon  Components,  G.  R.  DaTognl. 
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Quartermaster  Research  &  Engineering  Center,  U.  S.  Army 

Natick,  Massachusetts 


1.  Vitae 

11.  Current  Studies 

III.  Bibliography  of  Published  Reports 
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I.  VITAE 

Alien,  Vernon  L.,  t»t.  LI.,  QMC,  Human  Factors  Study  Group,  A.  B.  University  of  Alabama, 
1 9e>5. 

Bu  -khalter,  Thomas  H.,  1st.  Lt.,  QMC,  Human  Factors  Study  Groop,  M.  A.  Ohio  State  Univer¬ 
sity,  19*6.  Area  of  specialization:  Human  factors  problems  in  systems  operations;  engi¬ 
neering  psychology. 

Dusck,  Dr.  E.  Ralph,  Chief,  Psychophysiology  Section,  Ph.D.  State  University  of  Iowa,  1951 . 
Area  of  specialization:  Physiological  psychology,  paychomotor  performance. 

Fine,  D. .  Bernard  J.,  Research  Psychologist,  Systems  Research  Section,  Ph.D.  Boston 
University,  1956.  Area  of  specialization:  Social  psychology  with  emphasis  on  attitude 
change,  personality  and  small  groups. 

Gaydos,  Or.  Henry  F.,  Chief,  Human  Engineering  Section,  Ph.D.  University  of  Florida,  1953- 
Area  oi  specialization:  Engineering  psychology,  tactual-kinesthetic  perception,  apparatus 
design. 

Haggard,  Dr.  Drnald  F.,  Research  Psycfcdogist,  Psychophysiology  Section,  Ph.D.  State 
University  of  Iowa,  1956.  Area  of  specialization:  Learning  and  perception. 

Jones,  Ciaike  E.,  Research  Psychologist,  Human  Engineering  Section,  M.S.  Pennsylvania 
State  University,  1949,  Arcs  of  specialisation:  Physiological  psychology. 

Klein.  Dr.  Richard  M.,  Research  Psychologist,  Psychophysiology  Section.  Ph.D,  Boston 
University,  1957.  Area  of  specialization:  Learning,  perception,  and  thinking. 

Kobrick,  Dr.  John  L.,  Research  Psychologist,  Human  Engineering  Section,  Ph.D.  Pennsylvania 
State  University,  1951.  Area  of  specialization:  Engineering  psychology;  apparatus 
design. 

McGinnis.  Dr,  John  M.,  Chief,  Systems  Research  Sec:ton,  Ph.D.  Tale  University,  1929.  Area 
of  specialization:  Human  factors  components  oi  systems  design,  troop  attitudes  and 
preferences. 

Mendenhall,  Robert  L.t  Capt.,  QMC,  Human  Factors  Study  Group.  M.S,  Oklahoma  AIM 
College,  1956.  - 

Mills,  Dr.  Allen  W.,  Psychologist,  Ph.D.  Harvard  University,  1997.  Area  of  specialization: 
Audition;  phvsiolugiual  psychology. 

Teichner,  Dr.  Warren  H.,  Chief,  Psychology  Branch,  Ph.D.  State  University  of  Iowa,  1951. 
Area  of  special. zalion:  Perception,  psychomotor  performance,  engineering  psychology. 

Wolf,  William  S.,  Capt.,  QMC,  Chief,  Human  Factors  Study  Group,  M.S.  Univ.  of  Virginia, 
1950.  Area  of  specialization:  Human  factors  problems  in  system*  operations. 

D.  CURRENT  STUDIES 

A.  Psychological  and  psychophysiological  effects  of  environmental  factors. 

I.  Manual  dexterity  as  a  function  of  temperature. 

Dusek.  E.  R.  Started  Oct.  1956  -  Completed  Sept.  1957. 

The  effects  of  exposing  subjects  to  low  ambient  temperatures  while  they  performed 
manual  tasks  requiring  fine  manipulation  were  studied.  Data  obtained  with  the  Minnesota  Rate 
of  Manipulation  Test,  the  O’Connor  Finger  Dexterity’  Test  and  the  Purdue  Pegboard  Test 
indicate  that  manual  tasks  requiring  finer  finger  dexterity  and  coordination  are  especially 
vulnerable  to  impairment  under  low  ambient  temperature  conditions. 
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2.  Skin  temperature  and  pressure  sensitivity.  e 

Mills.  A.  W.  St  art  re  Apr.  1957  -  Completed  Sept.  1957. 

The  effects*  of  low  ambient  temperatures  on  the  tactile  sensitivity  of  the  hand  were 
studied.  A  preliminary  experiment  indicated  that  the  minimum  detectable  pressure  on  the 
fingertip  inrr«.a-ses  by  a  factor  of2tc  3  when  the  skin  is  lowered  from  normal  to  near  freezing 
temperatures*. 

3.  The  relation  between  EEG  amplitude  and  reaction  tifneand  EEC  frequency  and  reaction 
time  in  sleeping  subjects. 

(Tufts  University  contract)  Started  Apr.  195b  -  Completed  Sept.  1957. 

The  purpose  was  to  investigate  the  relationship  of  EEG  variables  of  amplitude  and 
frequency  to  the  sleep-wakefulness  continuum,  using  reaction  time  to  a  sound  of  constant 
intensity  as  the  measure  of  depth  of  sleep. 

4.  General  purpose  scales  for  measuring  subjective  judgments  of  warmth  and  cold  and 
some  factors  affecting  them. 

McGinnis,  J.  Ml  Started  1954  -  Completed  1958. 

The  purpose  was  to  develop  a  scale  suitable  for  measuring  judgments  of  subjective 
warmth  and  cold  in  the  field  or  Climatic  Chambers  under  a  wide  range  of  climatic  conditions. 
A  simple  check  list  was  developed  and  found  suitable  for  group  comparisons  under  various 
conditions  of  temperature,  humidity,  and  windchill  and  for  measuring  the  effects  of  various 
types  and  amounts  of  clothing,  but  it  is  not  sufficiently  reliable  for  individual  comparisons. 
Da**  ha*'*  K'*cr.  collected  and  partially  anatvzed. 

5.  Effect  of  distance  of  reach  on  tactual-kinesthetic  judgment  of  size. 

Gaydos,  H.  F.  Started  Apr.  1957  -  Completed  Nov.  1957, 

The  purpose  was  to  study  the  changes  in  accuracy  of  tactual-kinesthetic  judgment  of 
size,  uiing  the  method  of  limits,  when  the  distance  between  standard  and  variable  stimulus 
is  varied  in  a  horizontal  line  parallel  to  (a)  the  sagittal  plane  of  the  body,  and  (b)  the  frontal 
plane  of  the  body.  The  data  indicated  that  error  of  judgment  increases  as  the  distance  between 
the  variable  and  standard  stimuli  is  increased.  However,  the  error  is  greater  when  the  stimuli 
are  lined  uo  parallel  with  the  sagittal  plane  of  the  body. 

6.  Psychological  factors  related  to  sensitivity  to  climatic  stress. 

Haggard,  D.  F.  and  B.  J.  Fine.  Started  Mar.  1957  -  Completed  Dec.  1957. 

Purpose  was  to  determine  the  relationship  between  personality  factors  as  measured  by 
the  Minnesota  Multiphasic  Personality  Inventory  ard  subjective  judgments  of  feeling  cold  as 
measured  by  a  rating  scale.  Data  are  being  analyzed. 

7.  Subjective  judgments  as  predictors  of  motor  performance  decrement  under  climatic 
stress. 

Dusek,  F.  R.,  B.  J.  Fine  and  D.  F.  Haggard.  Started  Mar.  1957  -  Completed  Dec.  1957. 

Purpose  was  to  investigate  the  relationship  between  performance  decrement  in  the  cold 
as  measured  by  the  Minnesota  Rale  of  Manipulation  Test  and  individual  sensitivity  to  cold 
when  physiological  responses  such  as  skin  temperature,  internal  temperature,  and  ti**t  debt 
are  controlled.  Data  are  being  analyzed. 

8.  The  relationship  between  personality  and  patterns  of  finger  cooling. 

Haggard,  D.  F.  and  B.  J.  Fine.  .Started  Mar.  195V  -  Completed  Dec.  1957. 

Purpose  was  to  investigate  the  relationship  bttween  personality  as  indicated  by  the 
nine  scales  of  the  Minnesota  Multiphasic  Personality  Irventory  and  patterns  of  finger  cooling 
during  the  cold  pressor  test.  Data  are  being  analyzed. 

9.  Genetic  factors  in  subjective  cold. 

Haggard,  D.  F.  and  B.  J.  Fine.  Started  Mar.  1957  -  Completed  Dec.  IU57. 


Note:- -Completion  dates  given  are  approximate  estimates  of  the  time  when  reports  will  be 
ready  to  submi*.  for  publication.  Status  of  progress  is  mown  as  of  1  August  1957* 
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The  differential  response:,  Lo  extreme  environments  by  different  racial  groups  were 
studied.  Negro  i'od  white  troops  were  subjected  to  the  same  low  temperature  environments 
and  were  required  to  rate  their  subjective  feelings  of  cold  intensity.  Data  are  being  analyzed. 

10.  Subjective  aspects  of  wet-cold. 

Fine,  L.  J.  Started  Mar.  1957  -  Completed  Oct.  1957. 

Purpose  was  to  study  the  relationship  between  aubjective  feelings  of  coldness  and 
dampness  and  the  physiol-igical  responses  such  as  skin  temperature,  internal  temperature 
and  heat  debt  when  subjects  were  exposed  to  wet-cold  environments.  In  distinguishing 
between  the  effects  of  different  combinations  of  wind  chill,  temperature,  and  humidity,  sub¬ 
jective  estimates  were  as  good  as  physiological  measures. 

1 1  •  Relationships  between  surface  skin  temperature  points  at  different  parts  of  the  body. 

Teichner,  W.  H.  Started  May  1957  -  Completed  Sept.  1957. 

The  best  estimate  of  the  mean  weighted  skin  *  mperature  for  the  overall  body  surface 
is  currently  derived  from  the  integration  of  ten  separate  temperature  measurements  of 
different  areas  of  the  body.  However,  the  inconvenience  of  multi-thermocouple  harnesses 
and  the  labor  involved  in  data  reduction  make  it  desirable  to  attempt  to  achieve  a  close 
approximation  of  mean  weighted  skin  temperature  with  fewer  thermocouples.  An  "item 
analysis**  of  the  ten  contribiting  points  indicates  that  the  temperature  of  the  inner  thigh 
seems  to  follow  the  mean  weighted  skin  temperature  quite  closely  under  various  conditions 
of  exposure. 

i4.  investigation  of  tin.  characteristics  of  sounds  critical  for  the  aural  detection  of  the 

enemy. 

(Ohio  State  University  contract)  Started  Nov.  1956  -  Completed  Dec.  1957. 

High  fidelity  tape  recordings  are  being  made  of  sounds  made  by  troops  in  typical  field 
combat  maneuvers  such  r.s  matching  over  different  types  ot  ground  surface,  advancing  through 
brush,  wading  i.n  water,  etc.  Ihese  recordings  will  be  analyzed  both  for  the  physical  properties 
of  the  sounds  and  certain  patterns  and  combinations  of  noises  that  would  aid  in  the  detection 
of  hostile  troops  who  tre  attempting  to  approach  in  secrecy. 

13.  Effect  on  comp!:  ..  manual  performance  of  cooling  the  body  while  maintaining  the  hands 
at  normal  temperatures. 

Gaydoa,  H.  F.  Started  Aug.  1957  -  Completed  Dec.  1957. 

Previous  experimentation  has  shown  that  hand  skin  temperature  seems  to  he  the 
primary  factor  in  e.ficir'ncy  of  complex  manual  performance  regardless  of  ambient  tempera¬ 
ture.  The  purpose  of  this  stu  !y  ’s  to  determine  whether  normal  efficiency  of  manual  perform¬ 
ance  can  be  maintain  •.*.  V-v  keeping  the  hands  warm  even  though  the  rest  of  the  body  is 
subjected  to  severe  n!u  '•.•ess. 

D.  Effects  of  social  and  personal  factors  on  soldiers*  attitudes  and  preferences  for  clothing, 

personal  equipment,  ind  other  supply  needs. 

1.  Acceptability  of  C- rations  under  sub-arctic  bivouac  conditions. 

McGinnis,  J.  M.  Started  1956  -  Completed  1958. 

The  purpose  was  to  determine  the  acceptability  ot  C-rations  in  general  and  of  specific 
component  items  under  Sub-Arctic  bivouac  conditions.  A  few  ttems  were  liked  less  well  at 
th  3  end  of  the  bivouac  period  than  at  the  beginning,  some  did  not  change  in  acceptability,  and 
most  items,  including  nearly  all  of  the  fruit  and  “sweets**  items,  were  liked  better  at  the  end 
than  at  the  beginning  of  the  bivouac.  The  overall  effect  of  the  bivouac  conditions  was  to 
strengthen  the  desire  for  food  and  to  increase  the  acceptability  of  the  rations,  in  spite  of  the 
rather  monotonous  nature  of  the  diet.  Data  have  been  collected  and  analyzed  and  preparation 
of  a  report  initiated. 

?.  The  effect  of  induced  prestige  on  acceptance  of  footwear. 

Fine.  B.  J.  Started  Mar.  1957  -  Completed  Sept.  1957. 

Subjects*  preferences  for  five  unfamiliar  experimental  boots  were  measured  both 
before  and  after  the  boots  were  identified  as  belonging  to  military  organisations  of  high  or 
low  prestige  value.  Xt  was  hypothesized  that  high  prestige  labels  would  tend  to  raise  the 
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ratings  and  qualitative  judgments  while  low  prestige  labels  would  hava  the  opposite  effect. 
The  general  hypothesis  was  not  bourne  out  but  there  appears  to  be  a  relationship  between 
eersor.ality  »«H  susceptibility  to  prestige  suggestion. 

3.  QM  human  engineering  handbook  seriest  V.  Criteria  used  by  troops  in  evaluating 

QM  clothing  and  equipment. 

McGinnis,  J.  M.  Starte  d  1954  -  Completed  Sept.  1957. 

The  purpose  of  this  handbook  is  to  make  available,  in  tabulrr  form  for  easy  reference, 
the  relative  frequency  with  which  various  criteria  are  used  by  soldiers  in  evaluating  important 
families  of  Quartermaster  items  of  field  and  garrison  clothing  and  equipment,  and  to  sum* 
marize  the  effects  of  climate  and  six  major  personal  variables  on  the  criteria  employed. 
The  handbook  not  cnly  provides  guidance  to  designers,  hut  is  also  expected  to  be  useful  in 
planning  studies  involving  soldier  evaluation  of  new  and  standard  Quartermaster  items  and 
in  predicting  soldier  response  to  them. 

4.  Subjective  evaluation  of  foot  comfort. 

McGinnis,  .1.  M.  •  Completed  1958. 

The  purpose  was  to  develop  a  technique  for  measuring  subjective  aspects  of  foot 
comfort.  Adjectives  and  phruaee  considered  to  be  descriptive  uf  important  aspects  of  foot 
contort  were  assigned  comfort  values  by  approximately  100  men  using  'he  method  of  equal¬ 
appearing-intervals  and  incorporated  in  a  questionnaire  designed  to  furnish  both  a  general 
measure  and  a  detailed  analysis  of  subjective  aspects  of  foot  comfort.  Initial  validity  studies 
include  comparison  of  results  following  periods  of  rest  with  results  following  long  hikes  over 
hot  desert  terrain  and  by  comparisons  made  following  wear  of  boots  known  to  differ  in  material 
and/or  construction.  Data  have  been  collected  and  analyzed  and  a  report  ia  in  preparation. 

5.  Investigation  of  differences  in  preference  reactions  of  airborne  and  regular  troops. 

(Psychological  Research  Associates  contract)  Started  1956  •  Completed  1958. 

Methods  previously  employed  to  determine  criteria  uaed  by  Artillery,  Infantry, 
Ordnance,  and  Signal  Corps  troops  in  evaluating  Quartermaster  clothing  and  equipment  are 
being  applied  to  Airborne  troops  to  determine  whether  or  not  they  use  significantly  different 
criteria  in  evaluating  theae  items  than  do  other  troopa.  Collection  of  data  has  begun  and  a 
final  report  ia  expected  during  the  summer  of  1958. 

C.  Human  factors  studies  dealing  with  specific  clothing  and  equipment  problems. 

’  C 

t .  Evaluation  of  factors  tn  glove  design  affecting  manual  performance. 

Duaek,  E.  R.  Started  Jan.  1957  -  Completed  Sept.  1957. 

The  effects  of  finger  and  back  design  of  gloves  on  manual  performance  were  evaluated 
with  a  series  of  dexterity  tests.  Preliminary  analysis  of  results  Indicates  that  the  reduction 
of  the  number  of  fingers  in  gloves  leade  to  some  deterioration  of  performance,  but  these 
effects  may  not  be  statistically  significant.  The  different  glove  back  designs  uaed  in  this 
study  did  not  materially  affect  performance. 

2.  Handbook  of  manual  functioning.  I:  The  anthropometry  and  biomechanics  of  the  hand. 

Jones.  C.  E.  Started  Nov.  1956  -  Completed  Dec.  1937. 

This  section  is  being  prepared  to  gather  together  under  one  cover  the  tangible  results 
of  studies  dealing  with  the  anthropometric  measurements,  the  structural  form,  and  mechanical 
characteristics  of  the  human  hand.  It  is  expected  that  this  reference  work  will  be  useful  to 
designers  of  manually  operated  equipment. 

3.  Handbook  of  manual  functioning.  11:  The  physiology  of  the  hand. 

Gaydox,  H.  F.  Started  June  1957  -  Completed  June  1958. 

This  section  will  present  a  survey  of  studies  dealing  with  the  physiological  responses 
of  the  hand  to  temperature  changes,  prolonged  muscular  effort,  restricted  circulation,  etc., 
and  their  subsequent  effects  on  manual  performance. 

4.  Relationships  among  several  types  of  handwea?  and  diameter  of  knob  in  accuracy  of 

dial  setting. 

Kobrick,  J.  L.  Started  May  1957  -  Completed  Oct.  1957. 
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Subject.]  practiced  making  nettings  on  a  series  uf  ten  dial*  for  20  trials  with  the 
bulkiest  of  four  glove  ensemble:]  in  order  to  regularize  fluctuations  in  performance  due 
to  improvement  with  practice.  Each  subject  thereafter  performed  five  trials  on  the  same 
task  wearing  each  of  four  standard  glove  ensembles  and  with  the  bare  hand.  This  procedure 
was  used  ior  five  different  knob  diameters  with  each  fifth  of  the  subject  population  receiving 
only  one  of  the  knob  diameters.  Data  are  being  analyzed. 


5.  Hand  and  finger  function  in  relation  to  varying  conditions  of  the  hand. 

(State  University  of  Iowa  contract)  Started  Nov.  1955  -  Completed  Nov.  1957. 

The  purpose  of  this  study  is  to  determine  the  precision  of  finger  manipulation  in  terms 
of  exactness  in  patterns  of  finger  movement  and  application  of  force  aa  affected  by  hand 
fatigue,  reduced  circulation,  trained  relaxation,  prolonged  extension,  sustained  effort  and 
kinesthetic  acuity  of  tie  hands.  Data  are  being  analyzed. 

6.  The  measurements  of  the  size  and  force  of  the  foot  with  reference  to  fatigue  problems. 

(State  Universl:y  of  Iowa  contrnrt)  Started  Apr.  1955  •  Completed  Aug.  1958. 

Purpose  is  to  study  the  effects  of  fatigue  on  the  strength  of  the  foot.  Anthropometric 
data  is  being  collected  on  the  foot  in  weight  bearing  and  non-weight  bearing  positions.  Results 
of  th-s  study  will  be  used  to  evaluate  experimental  footgear. 
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HUMAN  FACTORS  ENGINEERING  FOR  SIGNAL  CORPS  EQUIPMENT 

1.  SCOPE 

1.1  This  Specification  covers  human  factors  engineering  for  Signal  Corps  equipment.  It  out¬ 

lines  some  techniques  and  procedures  of  human  factors  engineering  for  use  in  the  design  and 
development  of  signal  equipment  and  systems.  Th*  objective  of  this  Specification  is  to  facilitate 
the  military  of  SJgral  Corns  systems  through  maximum  utilization  of  the  potentialities 

of  the  human  component  of  man-machine  systems.  Consideration  is  given  to  operator  inputs, 
environmental  conditions,  task  condition?  and  operator  outputs  in  terms  of  overall  man-machine 
system  requirements.  This  includes  optimum  man  versus  machine  function  allocation, 
minimization  of  error-producing  operator  Inputs,  reduction  of  conditions  producing  fatigue 
and  boredom,  and  simplification  of  operational  requirements. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  publications  are  furnished  for  information  and  guidance  purposes  only: 

1 .  Procedures  for  including  Human  En gingering  Factors  in  the  Development  of  Weapons 
Systems.  WADC  Technical  Report  56-488.  AD  ?930^. 

2,  Human  Engineering  Guide  for  Equipment  Designers.  Woodson,  W.  E.,  University  of 
Calif.  Press,  Berkeley,  195'-. ^  (Copies “of  publication*  required  by  contractors  In  connection 
with  specific  procurement  functions  may  be  obtained  from  or  as  directed  by  tbu  contracting 
officer.  Both  title  and  identifying  number  or  symbol  should  be  stipulated  when  requesting 
copies.) 

3.  REQUIREMENTS 

3.1  Definition.  Human  factors  engineering  is  herein  defined  at  the  application  of  human 
factors  principles,  techniques  and  data  to  the  planning  and  development  of  military  systems, 
equipment  and  components.  Its  objective  is  to  improve  and  maximize  the  field  operability 
of  man-machine  systems,  particularly  with  respect  to  human  factors  problems  involving  speed 
and  accuracy  of  operation,  operational  reliability,  safety,  minimization  of  operator  training 
and  skill  requirements,  and  operation  under  conditions  of  stress.  Operation  is  here  meant  to 
include  all  human  functions  that  involve  maa-machine  interaction,  at  all  levels  of  man-machine 
system  operation,  whether  involving  control,  monitoring,  installation  or  maintenance. 

3.2  Application  of  Human  Factors  Engineering.  Illustrative  design  problems  in  which  human 
factors  engineering  is  applicable  include  the  following: 
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1.  Operator  workload 
l.  Installation 
5.  Work  space  layout 
4.  Working  environment 


5.  Control  unite  and  systems 

6.  Displays 

7.  Safety  of  operation 

8.  Communication  in  nets 


3.3  Human  Factors  Engineering  in  Relation  to  Development  Phases.  Table  I  lists  some  human 
engineering  considerations  and  indicates  the  stage  of  development  at  which  these  considerations 
are  appropriately  applied. 


TABLE  I. 


Development  Phases 


Human  Engineering  Considerations 


1.  Preparation  of  military 
requirements  and 
characteristics 

2.  Design  study 


3.  Experimental  Phase 


A.  Liaison 


B.  Tbs  Analysis  and  Allocation  of  Man-machine 
Functions 


Participation  in  functional  analysis 
Operator  decision  analysis 
Allocation  of  man  functior  (--duties,  skills, 
lavsl  of  sducatlon  and  t-aining. 

Human  capabilities  and  limitations 
and  mft"?  fnnrHrtrti* 

Stress— fatigue 
Morale — motivation 
Communications 
Coding,  visual,  aural,  ate. 

C-  The  Pluming  of  Operational  Tasks 


Operational  Planning 

Link-'-alue  layout  analyeie 

Pencil  and  paper  mock-ups 

Consideration  of  operator  training  and  ekille 

Operational  breadboard! 

Operator  safety  requirement! 

Environmental  design— temperature,  humid¬ 
ity,  note#  vibration,  shock,  dust,  illumina¬ 
tion,  etc. 

4.  Design  Pliase  D.  Vhe  Design  of  Display  and  Control  Functions 

Design  of  Displays  and  controls 
"Knobs  and  dials'* 

Standardisation 
Check  Lists 

Design  of  operstor  position 
Operating  instruction 
Operator  classification 

5.  Evaluation  of  development  E.  Equipment  Evaluation 

model;  fabrication  and 

testing  of  prototype  Feedback  to  design  phases 
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The  above  table  is  not  intended  asacomplcte  presentation  of  the  development  phases,  h»t*  only 
a*  an  approximation  of  the  relationship  of  main  phases  of  human  factors  engineering  to  the 
development  cycle.  The  table  is  intended  to  indicate  the  possibilities  for  integration  of  human 
factors  engineering  into  the  development  cycle. 

3.3.1  The  scope  of  the  human  engineering  effort  shall  be  apprnDriate  to  the  magnitude  of 
the  human  factors  problems  involved  in  the  su'  ject  equipment  design.  This  shall  be  inter¬ 
preted  and  decided  by  ’.he  USASEL  engineers  cognizant  of  the  equipment  specification,  with  the 
corroboration  of  the  USASEL  human  engineering  coordinator.  Omission  of  the  human  factors 
engineering  requirements  of  this  specification  shall  be  contingent  upon  demonstration  of  the 
omission  of  tbe  human  operator  as  a  link  in  the  subject  system,  both  within  tne  system  and 
as  an  output  link.  Most  design  and  development  applications  will  require  some  phase  of  the 
above  human  engineering  activities  B,  C,  and  D,  that  is,  the  analysis  and  allocation  of  functions, 
the  planning  of  operational  tasks,  and  the  design  of  display  and  control  functions.  Some  appli¬ 
cations  will  require  ail  five  phases.  As  a  minimum,  prompt  consideration  shall  be  given  to  the 
extent  of  applicability,  if  any.  of  the  five  phases  to  insure  appropriately  early  integration  of 
buman  engineering  principles  into  design  planning. 

3.4  Techniques-  Certain  human  engineering  considerations  require  special  attention  during 
early  design  phases.  The  employment  of  the  following  techniques,  when  applicable,  will  help 
Insure  the  incorporation  of  design  factor*  involving  human  performance  at  stages  early 
enough  to  obviate  to  necessity  for  uneconomic  later  changes  in  design. 

3.4.1  Man-machine  System  Analysis.  This  includes  analysis  of  the  relationship  of  the  human 
operator  to  the  equipment  under  ccnsideratlon.  The  interactions  of  this  relationship  define  a 
man- machine  system.  Operator  inputs  and  outputs  are  specified  in  terms  oi  time  and  accuracy 
require- aents  in  relation  to  both  equipment  and  system-time  and  accuracy  requirement*. 
This  serves  to  permit  allocation  of  system  functions,  such  that  functions  most  efficiently 
performed  by  machine  will  not  be  assigned  to  human  beings,  and  that  functions  most  efficiently 
performed  by  the  human  operator  will  be  assigned  to  him,  rather  than  to  the  machine.  This 
approach  requires  consideration  of  the  man-machine  system ae  an  operational  whole  In  terms 
of  its  performance  under  field  condi'.ions, 

3.4.2  Operation  Decision  Analysis.  This  involves  the  techniques  of  stipulating  the  decision!  to 
be  made  t-y  each  operator  tn  a  system,  in  major  eystemt,  mathematical  models  such  as 
provided  by  Operations  Research  techniques  may  be  requi-ed.  In  any  case,  decision  analysis 
is  necessary  to  equalize  requirements  for  decisions  from  the  various  operator*,  to  avoid 
possible  overloading.  Decision  analysis  is  also  necessary  to  provide  data  as  to  informational 
inputs  required  to  each  operator  to  enable  him  to  make  optimal  decision*  in  a  minimum  of 
t<:.ie.  This  technique  can  produce  most  gain  in  effectiveness  and  simplicity  of  operation  when 
integrated  with  equipment  design  planning  at  early  deaigr.  stages. 

3.4.3  Information  Analysis.  This  is  the  technique  in  which  the  operator  is  considered  a*  an 
information-handling  link  in  a  man-machine  system.  A*  a  channel  having  limited  informational 
handling  rapacities,  the  operator  has  certain  maximum  and  minimum  input  requirements  and 
output  capabilities.  This  approach  calls  for  careful  stipulation  of  sensory  inputs  and  tbelr 
perceptual  organization  with  respect  to  output  response  requirements  of  the  man-machine 
system.  Sensitivities,  rate-handling  capabilities,  environmental  interactions  and  resultant 
error  variance*  of  the  man  and  machine  portious  of  the  system  ere  estimated  from  mock-ups 
and  breadboards,  and  are  adjusted  to  provide  for  optimum  utilization  of  the  potentialities  of 
both  man  and  machine.  Control  and  display  error  variances  shall  be  estimated  »t  early  atages, 
in  order  that  operational  accuracies  not  be  beyond  capabilities  of  the  operator  to  utilize  them. 
That  ie,  machine  and  operator  error  variance*  shill  be  proportional. 

3.4.4  Link-value  Layout  Analysis.  This  is  a  technique  applicable  to  man-machine  and  man-man 
link*.  It  may  be  used  in  planning  information  flow,  in  laying  out  work  places,  and  in  designing 
control  and  display  panels  and  consoles.  Tb*  importance  and  frequency  of  sequential  operational 
sub-taaka  are  ranked,  and  total  link  lenglhs  and  Interferences  are  minimized  by  proper 
poeitioning  of  men,  machines  and  components  according  to  the  ranking  criteria. 

3.4.5  The  Use  of  Mock-Ups.  The  uee  of  mock-ups  in  human  factors  engineering  is  snalogout 
to  tbe  use  of  breadboard  circuits  in  electronics.  They  are  used  to  teat  preliminary  designs, 
and  to  get  performance  data  for  prediction  of  eystem  performance.  The  mock-upe  may  be 
functioning  or  non-functioning  model*,  or  r,ay  be  drawings  which  are  two  dimensionally 
scaled.  In  some  case*  they  may  be  mathematical  model*.  They  may  be  used  for  testing 
sequence  of  operation,  speed  of  operation,  legibility,  etc.,  a*  well  as  for  comparing  alternate 
design  possibilities. 


3.4.6  Consideration  of  The  Effects  of  Stress  mma  Operation.  Great  variation  in  operator 
performance  can  be  expected  under  varying  condition*  of  stress.  Although  almost  every 
operational  situation  will  have  some  degree  of  stress  associated  with  it,  in  (B.'Satvt'  instances 
it  may  be  found  chat  the  stress  conditions  likely  to  be  encountered  can  significantly  affect 
human  performance.  To  achieve  the  design  of  -nan-machine  system  capable  of  adequate  per¬ 
formance  under  such  conditions,  it  is  essential  that  consideration  oe  given  to  possible  sources 
of  stress  and  their  effects  at  an  early  design  phase, 

3.4.7  The  foregoing  techniques  are  not  to  be  considered  as  all-inclusiVe.  Other  techniques 
such  as  time  and  motion  study  are  importantly  associated  with  these  considerations.  Nut  all 
of  the  six  items  may  be  applicable  to  s  given  design. 

3 .5  Human  Factors  Engineering  Procedw-es.  Operational  parameters  shall  be  expressed 
wherever  possible,  in  terms  of  explicit  quantified  values  of  accuracy,  speed,  training  require¬ 
ments,  portability,  time  duration  of  operation,  etc.,  depending  upon  the  specified  mission  of 
the  system.  These  requirements  shall  be  so  applied  as  to  make  fullest  possible  use  of  human 
capabilities  in  interaction  with  machine  characteristics,  operating  in  a  particular  system 
environment. 

3.5.1  ‘dan  as  a  Date  Processing  System.  It  is  required,  when  considering  operational  work 
loads,  to  consider  the  operator  as  an  information  processing  unit  having  a  finite,  specifiable 
capacity.  He  serves  to  provide  decision  or  manual  control  functions  in  combination.  He  is 
subject  to  input  and  output  handling  rate  limitations.  Kc  is  subject  to  environment*'  conditions. 
He  is  also  capable  of  handling  large  processing  loads  if  optimally  employed.  It  shall  be 
demonstrated  that  the  operator  is  optimally  employed  to  the  extent  that  freedom  of  design 
permits  in  the  system  under  development.  Total  work  loads  shall  not  he  excessive  nor  far 
under  capabilities  of  the  operator.  Allowance  may  be  made  for  reasonable  short  time  over¬ 
loads  snd  underloads,  but  overload  and  idle  times  shall  be  realistic  values. 

3.5.2  Opg rational  Environment.  Condition*  of  the  operational  environment  shall  be  specified 
to  s  degree  sufficient  to  insure  reasonable  expectation  of  field  operation  in  accordance  with 
military  requirement*.  All  design  shall  be  considered  In  light  of  actual  field  operational  con¬ 
ditions,  a*  operated  by  personnel  of  appropriate  level  of  training,  considering  wherever 
applicable,  the  effect*  of  stress  and  environmental  conditions.  For  example,  if  readout 
accuracy  of  an  Indicator  is  being  evaluated,  readout  time  shall  be  based  upon  the  assumption 
that  the  operator  has  no  prior  knowledge  of  the  appropriate  reading,  unless  he  would  be  pro¬ 
vided  this  knowledge  in  the  particular  operational  situation.  Likewise,  if  operability  of  units 
is  being  compared,  overtraining  of  operators  shall  be  prerequisite.  If  ease  of  learning  of  a 
unit  Is  being  evaluated,  appropriately  chosen  untrained  operators  shall  be  employ  d. 

3.6  Report*. 

3.6.1  Information  concerning  tlnf  human  factors  effort  shall  be  incorporated  In  reports  other, 
wise  required  by  the  equipment  Specification.  Except  fur  the  Design  Plan,  specified  below,  no 
additional  report:.  with  respect  to  human  factors  engineering  will  be  required. 

3.6.2  Reports  shsll  include,  wherever  applicable,  specification  of  operational  time  snd 
accuracy  capabilities  of  designs. 

3.6.3  Report*  shall,  wherev-.r  possible,  include  data  showing  estimated  times  for  equipment 
Installation,  for  operation,  snd  for  organizational  maintenance. 

3.7  Human  Factors  Design  Plan.  A  design  plan  stall  be  submitted  during  the  design  planning 
stage  demonstrating  inclusion  of  the  following,  when  applicable,  into  an  Integrated  plan  for 
a  nian-machine  system. 

3.7. 1  A  Description  of  Operational  Function.  The  design  plan  shall  include  a  statement  of 
operational  function  describing,  In  terms  of  operational  requirements,  human  factors  con¬ 
siderations  of  the  projected  system  or  equipment  in  Us  operational  environment,  and  in  re¬ 
lation  to  operationally  associated  systems  or  equipment. 

3.7.2  Stipulation  of  Input  and  Output  Requirements. 

1.  The  design  plan  shall  include  a  stipulation  of  input*  and  outputs  of  the  man-machine 
system,  indicating  actions  and  Information  required  at  botHsources  and  sinks  in  terms  of  task 
requirements  of  paragraph  3. 7. 2. 3  below. 
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2.  The  design  plan  shall  include  a  stipulation  of  both  operator  Inputs  and  operator  out* 
puts,  Indicating  actions  and  information  required  at  both  sources  and  sinks  in  terms  of  task 
requirements  of  paragraph  3.7.Z.3  below,  • 

?.  Task  requirements  include  the  following: 

Rate  and  duty-cycle  for  information  and  actions 

Accuracy  of  performance,  both  Instrumental  and  operator,  expressed  In  percent  and 
absolute  terms. 

Speed  of  operation 
Decision  making 

Compulation  r 

Tracking 

Near-threshold  detection 
Operation  under  stress 

Interference  problems  s 

Operation  under  temporary  overload 

3.7.3  Operational  Environment,  The  operational  environment  of  the  projected  system  shall 
be  stipulated,  indicating  integration  of  the  following  considerations  into  sn  effective  man- 
machine  system. 

Number  of  operators 
Other  duties  of  operators 
Workspace  conditions,  field  or  sheltered 
Climatic  conditions,  natural  or  man-made 
Maintenmce  accessibility  considerations 

3.7.4  Instrumentation.  Instrumentation  design  considerations,  such  as  the  following,  shall  be 
demonstrated  to  be  in  accord  with  requirements  indicated  In  paragraphs  3.7.1,  3.7.2,  end  3.7.3 
above. 

Displays 

Control  . 

Lighting 

Seating 

Temperature  , 

Work-space  Layout 

3.7.5  Design  Plan  criteria.  Criteria  for  application  of  above  design  plan  considerations  shall 
be  the' optimum  use  of  operator  capabilities  and  the  simplification  of  operational  taake,  with 
the  objective  of  maximizing  man-machine  system  effectiveness  with  respect  to  both  military 
requirements  and  net  cost  of  equipment  and  manpower. 


HI.  BIBLIOGRAPHY  OF  PUBLISHED  REPORTS 

Contract  DA-36-039  se-6'647  with  Dunlap  and  Associates.  Inc.,  produced  the  following  re¬ 
ports  since  the  last  conference: 

Task  .08--May  1937.  Detection  of  Aircraft  by  Radar:  Subjected  to  Radio  Interference. 

Task  .09--April  1957.  Human  Engineering  Study  of  Opesating  Times  for  Collection  and 
Reduction  of  Meterological  Data. 

Task  .10--Jvne  1957.  Human  Engineering  Review  oftbs  Landing  Aeeitt  Radar  AN/FPN-32. 
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Roberts.  Aihert  P.,  Social  Sciences  Assistant,  PEC,  United  States  Arm'/ 

BA,  Queens  Coil.n.  iocs  i:>,  o*  sneriai'-saticr*  Experiments!  p<-.yr!ie!en*.', 

Blanton.  -Tames  E,,  Soria!  Sciences  Assistant,  PEC,  Unite!  Statue  Army 
BA,  University  of  Maryland,  1956.  A<ea  of  specialization:  Psychology, 

Shelly,  I, eon  B„  Mathematics  and  Statistics  Assistant,  PEC,  United  States  Army 

BS,  Central  Michigan  College,  1956.  Area  of  specialization:  Mathematics  and  Industrial 
Arts. 


IL  CURRENT  PROJECTS 

Estimated 
Date  Completion 

A.  Directorate  of  Medical  Research  Started  Date 

1,  The  effects  of  Gfl  In  Sublethal  Concentrations  on  Human  Behavior  Oct  56  Mar  58 

The  objective  is  to  ascertain  the  anticipated  reactions  and  behavior  of  personnel  whu 
might  be  subjected  to  low  concentrations  of  GB  and  what  effect  this  might  have  on  the  conduct 
of  prescribed  duties  of  these  personnel  under  these  conditions.  A  second  task  Involves  the 
effects  of  wearing  a  gas  mask  and  other  types  of  protective  equipment  upon  the  proficiency 
of  troops  engaged  in  standard  military  activities. 

2.  Human  Factors  Engineering  Aspects  in  Design  of  Field  Jul  56  Jan  58 

Protective  Masks  , 

The  Chemical  Corps  Reid  protective  mask  of  current  standard  issue  ie  designated  as 
the  M9A1.  This  mask  has,  on  one  side  of  the  facepiece,  a  canister  for  the  purpose  of  filtering 
particle::  of  toxic  material  from  the  atmosphere  before  that  atmosphere  reaches  the  oral- 
nasal  tract  of  the  wearer.  During  the  past  two  years  the  U.  S.  Army  Chemical  Warfare 
Laboratories  (CWL)  at  the  Army  Chemical  Center  has  developed  a  new  mask  now  known  as 
the  E13.  In  this  mask  the  side  canister  has  been  replaced  by  two  charcoal  filters,  one  on 
either  side  of  the  facepiece. 

The  M9A1  mask  offers  a  rather  high  resistance  to  breathing  upon  inhalation,  thus  re¬ 
sulting  in  user  fatigue  beyond  the  extent  which  would  normally  result  from  participation 
in  any  given  activity.  In  the  E13  mask  this  resistance  bs*  been  cut  approximately  in  half. 
To  overcome  the  interference  with  speech  and  the  resulting  lack  of  intelligible  communica¬ 
tion  caused  by  the  design  of  the  V9A1,  a  volcemitter  has  been  Included  in  the  facepiece  of 
the  E13.  Other  innovations  incorporated  in  the  E13  include  an  eyepiece  construction  which 
affords  wider  angle  visibility  than  that  of  the  standard  mask.  Last  June,  during  the  time  that 
the  new  mask  was  being  tested  for  leakage,  durability,  usability  in  cold  environments,  etc,, 
we  became  concerned  with  finding  out  how  our  troops  would  feel  about  this  mask.  We  decided 
to  obtain  this  information  at  the  same  time  that  field  teste  were  being  conducted  to  determine 
the  extent  of  direct  interference  of  the  mask  with  the  execution  of  typical  military  taaka  such 
aa  rifle  firing,  rocket  launching,  etc.  For  these  tests  fifty  masks  of  each  type  (M9AI  and  E13) 
were  taken  to  the  Dugway  Proving  Ground  near  Salt  Lake  City,  Utah,  The  proving  grounds 
cover  a  rather  large  area  in  the  western  part  of  the  state  and  the  terrain  includes  desert 
and  salt  flats  as  well  as  some  rugged  areas  of  the  Wasatch  range.  Before  the  tests,  fifty  troops 
were  selected  and  fitted  with  nne  of  each  type  of  mask.  Each  man  was  shown  and  allowed  to 
practice  the  proper  method  of  wearing  and  carrying  both  masks.  Tests  included  marching 
over  h*!l  and  desert  terrain,  competitive  softball  and  volleyball,  resting  in  recreation  areas, 
use  of  weapons,  donning  mask  on  signal  during  a  simulated  chemical  warfare  attack,  etc. 
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Wherever  possible,  half  of  the  subjects  wore  one  mLJk  and  half  wore  the  other  during  the  testa. 
Half  way  through  the  test*- each  subject  changed  the  mask  he  was  wearing*  Wherever  applicable, 
the  proficiency  of  task  performance,  in  terms  of  proper  and  rapid  completion,  accuracy, 
etc.,  was  objectively  evaluated  by  military  observers. 

L  The^e  are  other  classified  human  engineering  tasks  being  conducted  by  the  Chemical 
Corps*  which  cannot  be  listed. 
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1  April  1957.  Some  Human  Engineering  Aspects  of  the  Portable  Flame  Thrower  Gun.  Earl 
Davy. 


US 


3 


